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Abstract

In a recently published study (Frank, 2024), the author claimed that farmers in the USA compensated for bat decline by
increasing their insecticide use by 31.1%, which allegedly caused a 7.9% increase in human infant mortality. The author
concluded that his “result highlights that real-world use levels of insecticides have a detrimental impact on health, even when
used within regulatory limits”. The study is a prime example of how statistics should not be used in a design based on a clas-
sical logical fallacy. That is, in short, factor A (detection of a lethal bat disease) correlates with factor B (increased insecticide
use) and factor A also correlates with factor C (increased infant mortality). Based on a flawed logic, the author concludes that
consequently a causal relationship exists between factor B (pesticide use) and factor C (infant mortality). Remarkably, the
causal relationship between increased pesticide use (factor B) and increased infant mortality (factor C) was claimed despite
not investigating a statistical correlation between these two factors. The study also contains numerous important but less
obvious flaws, including the use of aggregated data to make inferences about individual outcomes; inadequate consideration
of maternal characteristics; a suboptimal proxy for bat population declines; inadequate timing of ‘treatment’; assumption of
quasi-randomness; questionable binning of coefficients and a lack of data documentation. Scientifically, the article highlights
the need for more stringent statistical and scientific quality controls. However, given the implications such cavalier claims
have in the context of public health, it also shows that the scientific community urgently needs a better understanding of the
robustness of statistical conclusions in the context of epidemiological and ecological studies.

The claim of causality is not justified

The study of Frank (2024) postulates causal relationship
between bat decline due to white-nose syndrome (WNS)
leading to increased use of insecticides and, consequently,

Comments to Frank, Science 385, 2024 (DOI: 10.1126/science.
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to increased infant mortality. Specifically, the author claims
(abstract): “I find that farmers compensated for bat decline
by increasing their insecticide use by 31.1%. The compensa-
tory increase in insecticide use by farmers adversely affected
health—human infant mortality increased by 7.9% in the
counties that experienced bat die-offs.” This assertion is
repeated even more emphatically in the discussion: “I dem-
onstrate how declines in insect-eating bat population levels
induce farmers to substitute with insecticides, consequently
resulting in a negative health shock to infant mortality.”

The claims as such are remarkable and, if substantiated,
would indeed be worrisome—not least because they would
imply a massive failure of toxicology and public healthcare
and would do so in the context of one of the most compre-
hensively regulated areas of toxicology. Given these impli-
cations, it is noteworthy that neither the methods used to
substantiate this claim, nor the study design are suitable to
come to any of these conclusions.

The reason is that the “difference in difference” (DiD)
study is limited to the analysis of two associations, that is,
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(1) the association of WNS detection and insecticide use
at the county level and (2) the association of WNS detec-
tion and infant mortality at the county level. What it does
not analyze is the association between insecticide use and
infant mortality, which is the very causal relationship that is
claimed. This is important because association of variable
A and B and additionally association of variable B and C
do not necessarily imply an association of variables B and
C, and certainly not a causal relationship between B and C.

Fig. 1 Reproduction of Fig. 2
of Frank (2024). The data

Moreover, the coefficient that quantifies the change in infant
mortality increases up to year 4 after WNS detection but
decreases again from year 4 to year 5, with the 95% con-
fidence interval of the coefficient containing zero in years
5 and 6 (Fig. 2B of Frank 2024; reproduced in Fig. 1), as
was also the case up to year 3. Contrastingly, the coefficient
that quantifies the change of insecticide use continuously
increases in the corresponding time period (years 4-0),
over which the coefficient of infant mortality decreases
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ig. 2. Increase in insecticide use and infant mortality after WNS detection. (A and B) Each panel
hows the regression results of comparing insecticide use (A) or IIMR (B) between counties that experience
iat die-offs, before and after the bat mortality shocks, with counties that do not experience them. Each dot is
coefficient from the regression, and each line shows the 95% confidence interval. Insecticide use is
veighted by the number of 2002 cropland acres, and the IIMR is weighted by the number of live births.
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(Fig. 2 A). Even in absence of any further statistical analy-
sis, this already indicates that any claim of the coefficients
of insecticide use and infant mortality being associated with
each other should be questioned. Further data on infant mor-
tality that would allow a more in-depth analysis of a pos-
sible association of insecticide use and infant mortality are
unfortunately not provided. A further critical point is that
the claim that human infant mortality increased by 7.9% is
made without any statement about the statistical uncertainty
of this number.

The statistical problem of using aggregated
data to predict individual outcomes

It should be noted that the study relies on data aggregated
at the county level. This inherently bears the risk of a well-
documented statistical phenomenon, namely the ‘ecologi-
cal fallacy’. This term describes the fact that associations at
the aggregate level do not necessarily mean that these very
same associations also exist at the individual level (Robin-
son 1950, Wakefield 2008). This principle is illustrated by
hypothetical numbers in Table 1, where variable A and B
are almost perfectly correlated at the group level (aggre-
gated data) but not at the individual level. Infant mortality
is a complex outcome determined by many individual fac-
tors which comprise some intrinsic to the infant, as well as
parental, economic and hereditary factors, health care, the
immediate local environment, and so on. None of these can
be accounted for using county-aggregate measures.

Even insecticide use could be considered an individual
property as the level of insecticide use may be driven by
factors unique to a particular farm. This includes needs of
the specific crops, varying levels of local pest populations,
as well as the individual experience of loss of income due to
insect infestation and perceived risk of further losses. Other
possible confounders are environmental pollution, consid-
eration of drift of insecticides or shift of bat populations
due to other factors, neither of which is restricted to county
boundaries.

As a result of these limitations, caution should be exer-
cised in any case where complex causal relationships occur-
ring at individual levels are deducted from aggregated data.
To be robust, the plausibility of any such claims, therefore,
requires substantial additional testing and statistical analysis
of data collected at the individual level.

The possible influence of maternal
characteristics on infant mortality
is not adequately considered

The author claims to take into account differences between
mothers (e.g., Supplement, p.18) as potential predictors of
infant mortality by demonstrating that characteristics of
mothers averaged at the county level do not change for coun-
ties after emergence of WNS.

The same DiD equation was used in all analyses with each
maternal characteristic as a separate outcome (Supplement,

Table 1 Simple numerical

. Individual Group Variable A Variable B Group mean A Group mean B
example of the ecological
fallacy. Variables A and B 1 1 0 3
correlate with éach other 2 1 1 0
when means of each group are
considered. However, variables 3 1 0 2
A and B do not correlate at the 4 1 2 0 0.75 1.25
individual level 5 2 1 4
6 2 2 1
7 2 1 3
8 2 3 0 1.75 2
9 3 2 5
10 3 3 2
11 3 2 4
12 3 4 1 2.75 3
13 4 3 6
14 4 4 3
15 4 3 5
16 4 5 1 3.75 3.75
Correlation (A, B) —-0.072 (—0.551t00.44)

Correlation (mean A, mean B)

0.998 (0.87-1.00)

Pearson’s product moment correlation coefficient; 95% confidence intervals in parentheses
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p. 18). Importantly, confidence intervals around coefficients
do not contain zero for some of the characteristics (Fig. S12);
therefore, some of the maternal characteristics seem to differ
statistically significantly before and after WNS detection.
The differences are relatively small (max. ~4%) between
mothers in WNS and non-WNS counties, leading the author
to conclude that maternal characteristics do not play a rel-
evant role in driving the observed effect of increased infant
mortality. However, a relatively small effect of a confounder
does not automatically mean that it is not relevant; rather
the main analysis should have been adjusted for these con-
founders. Others have shown that DiD analysis can produce
biased results when a time-varying covariate that predicts
differential changes between the group with intervention and
the reference group (here: with and without WNS detection)
is not included as a confounder in the analysis (Zeldow &
Hatfiled, 2021). Whether maternal characteristics are time-
varying between WNS and non-WNS counties is not clear
from the results presented in Fig. S2, as they show the aver-
age treatment effect for years after treatment.

It is also questionable whether the most relevant mater-
nal factors affecting infant mortality were considered. The
author used the data “in the birth certificates on the age
category, educational attainment category, share of moth-
ers who are white, married, the mean number of prenatal
care visits, and the share of mothers that were smoking for
at least some part of the pregnancy (Suppl. P. 18)”. It is not
clear if this information is sufficient to control for the influ-
ence of maternal factors. For example, it has previously been
shown that maternal income and minimal wage are asso-
ciated with infant mortality (Wolf et al. 2021). It remains
unclear how this important influential factor was consid-
ered in the present study (Frank 2024). As discussed above,
such individual maternal factors cannot be addressed at the
aggregated level (counties), as conducted by Frank (2024),
but should be considered at the individual level.

Confirmed detection of WNS
is an inadequate proxy for reduction in local
bat populations

It is unclear how suitable WNS detection is as a proxy
for actual declines in the bat population. It is likely that
counties are heterogeneous with regard to the spread of
the disease, bat population size prior to appearance of the
disease, bat habitat, overlap of bat ranges and agricultural
land, and composition of the bat population, especially
given that different species show different degrees of sus-
ceptibility (Mallinger et al. 2023). The author attempts to
resolve this issue by utilizing two alternative measures:
number of susceptible bat species and three measures of
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WNS severity including actual estimates of bat population
decline (Supplementary, p.15).

However, the author himself states that the number of
susceptible bat species might be a poor predictor of bat
abundance. Moreover, the study relies on survey data from
Cheng et al. (2021) for estimates of WNS severity. This
reports the percent decline in bat populations, the number
of affected sites, and the estimated number of bat losses.
Notably, they do so only for a subset of counties. Repeat-
ing the analysis with actual population decline data, the
author sees the hypothesized causal relationship between
WNS and infant mortality substantiated. For example, a
loss of 100,000 bats (median county loss) is estimated to
increase the internal infant mortality rate (IMR) by 0.007
per 1000, while the estimated mean increase after detec-
tion of WNS is 0.54 deaths per 1000. It is subsequently
stated that the results are to be interpreted with caution
as population decline data are county means of surveys
at individual sites that were not intended to obtain rep-
resentative county means. However, this information is
unfortunately not reflected in the further use of this data.

Further, the timing of ‘treatment’ is uncertain. In the
present study, ‘treatment’ is the year of the confirmed
infection of bats with the fungus causing WNS. The
author identified empirically that there is a median delay
of 2 years (0—4, Fig. S6) between a county being suspected
of being WNS-positive and being confirmed WNS-positive
and consequentially subtracted 2 years from all treatment
years to adjust for this delay. This means, however, that
there may be counties for which ‘treatment’ was assigned
up to 2 years earlier than it actually occurred, and coun-
ties for which treatment was assigned up to 2 years later
than it actually occurred. This uncertainty in the timing
of infestation is contrary to the standard usage of DiD
analyses, in which the precise timing of treatment (e.g., the
passing of a law, implementation of a program) is known.
By definition, DiD imposes an assumption of no treatment
anticipation (treated units will not adjust their behavior
prior to treatment in anticipation of treatment) and the
uncertainty in the timing of treatment leads to a violation
of this assumption.

The unclear beginning of “treatment” may critically influ-
ence the results. This can be illustrated by considering a
theoretical case in which WNS detection in all counties was
identified 2 years early by shifting the red line (representing
the reference one year prior to WNS detection) in Fig. 2 A
and B by 2 years from the point estimate for year — 1 to the
point estimate for year + 1. In this case, the upward trend
of the coefficients for insecticide use would be smaller and
for infant mortality, no discernible effect over time would
remain. Again, it should be considered that even in its pre-
sent form, the 95% confidence intervals of the coefficients
overlap zero for almost all years.
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The assumption of the quasi-randomness
of the WNS expansion is not fulfilled
with regard to spatial proximity

The author tests two assumptions of the analysis: (1) whether
pesticide use or infant mortality in a previous year predict
WNS status in the following year (Supplementary, p. 20). In
this instance, previous pesticide use and infant mortality did
not predict WNS status in the following year (Table S14).
(2) Whether the WNS status of a county in a previous year
predicts WNS status of a neighboring county in the follow-
ing year (Supplementary, p. 20). This is indeed the case and
having a neighboring county with WNS in the previous year
results in an 84% probability of being classified as WSN
county the following year (Table S14). Therefore, quasi-
randomness of the WNS expansion with regard to spatial
proximity, one of the fundamental assumptions of DiD, is
not given.

Binning of event-time coefficients

The event-time analysis presented in Fig. 2 by Frank (2024)
shows that the 95% confidence intervals around the coef-
ficients from the regression of infant mortality on WNS sta-
tus overlap zero for most of the years analyzed, even after
the onset of WNS detection, suggesting that confidence in
the effects being different from zero is low. Indeed, formal
statistical significance is obtained only once event-time coef-
ficients are binned into 2-year intervals (results shown in
Table S3). To justify this procedure, the author cites two
publications (Miller 2023; Borusyak, 2024), one of which
points out potential bias due to such binning. It remains
unclear whether binned data have also been used to gener-
ate results shown in Fig. 3 of Frank (2024). In conclusion,
the requirement of binning to gain statistical significance, in
combination with the large uncertainty in the effect, suggests
that (a) the null hypothesis of no association between WNS
status and infant mortality should not be rejected prema-
turely and (b) the moderate changes of the coefficients may
simply be explained as fluctuations in zero noise.

Lack of data documentation

A high-quality study should include a documentation of data
that would allow the reader to replicate the findings. How-
ever, infant mortality data—key to the present study—are
not provided and the reason given is data protection. While
it remains difficult to understand why county-wise data on
infant mortality should be so sensitive that publication must
be prohibited, the authors of this commentary acknowledge

that this was not necessarily under the author’s control. Nev-
ertheless, the lack of the availability of key data strongly
reduces the value of the study, since replication of the results
is not possible.

Conclusion

The claim made by Frank (Frank 2024) of causality between
insecticide use and infant mortality is not justified. In par-
ticular, the use of data aggregated at the county level is inad-
equate to support the proposed causal relationships. It should
be considered that human biomonitoring of insecticide expo-
sure would allow an analysis at the individual level. Simi-
larly, close monitoring of local bat populations and survey-
ing of insecticide use by local farmers is possible. Therefore,
while certainly an elaborate endeavor, adequate data to more
convincingly investigate the hypotheses (causal relationships
exist between bat population decline, pesticide use, human
exposure and infant mortality) could be collected. While
the increasing global threat to ecosystems certainly creates
a need for identifying which ecosystem services are most
crucial to human health, Frank (2024) presents little con-
vincing evidence that they have found an important piece to
the puzzle. More importantly, it starkly highlights the pit-
falls of making health claims based on inadequate statistical
and epidemiological analyses. Given the importance of the
topic and the potential scientific and societal implications
resulting from such claims, this example of a poor evalu-
ation highlights the need for more rigorous scientific and
statistical quality checks.
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Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article's Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article's Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.
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