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Abstract 

Background  Debate over “social distancing” as a response to the pandemic includes the claim that disrupting clini-
cal and public health programming dependent on human-to-human contact increased non-COVID-19 deaths. This 
claim warrants testing because novel pathogens will continue to emerge. Tests, however, appear frustrated by lack of 
a convention for estimating non-COVID-19 deaths that would have occurred had clinical and public health program-
ming during the pre-vaccine pandemic remained as efficacious as in the pre-pandemic era. Intending to hasten the 
emergence of such a convention, we describe and demonstrate “new-signal, prior-response expectations” suggested 
by research and methods at the intersection of epidemiology and process control engineering.

Methods  Using German data, we estimate pre-pandemic public health efficacy by applying Box-Jenkins methods to 
271 weekly counts of all-cause deaths from December 29 2014 through March 8 2020. We devise new-signal, prior-
response expectations by applying the model to weekly non-COVID-19 deaths from March 9 2020 through December 
26 2020.

Results  The COVID-19 pandemic did not coincide with more non-COVID-19 deaths than expected from the efficacy 
of responses to pre-pandemic all-cause deaths.

Conclusions  New-signal, prior-response estimates can contribute to evaluating the efficacy of public health pro-
gramming in reducing non-COVID-19 deaths during the pre-vaccine pandemic.
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Background
Impeding human-to-human contact as a public health 
response to pre-vaccine COVID-19 deaths has proved 
controversial for several reasons. These include the claim 
that “social distancing” significantly reduced the efficacy 
of life-saving clinical and public health programs that 
require human-to-human contact [1]. Debate over this 
claim will likely persist because novel infectious patho-
gens will continue to emerge [2]. Agreeing a convention 
for estimating the association between social distancing 
and non-COVID 19 deaths would seem, therefore, an 
important task for epidemiologists. We suggest and dem-
onstrate an essential component of such a convention 
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– the estimation of non-COVID-19 deaths that would 
have occurred had clinical and public health program-
ming during the pre-vaccine pandemic remained as effi-
cacious as in the pre-pandemic era. We refer to these 
counterfactual deaths as “expectations.” Detectable dif-
ferences between these expectations and intra-pandemic, 
pre-vaccine non-COVID-19 deaths would gauge shifts, if 
any, in the efficacy of clinical and public health program-
ming [3].

We make several assumptions when deriving our 
expectations of death. First, populations suffer mortality 
proportional to, among other phenomena, how quickly 
public health agencies and clinicians learn from their 
attempts to minimize deaths. Second, public health agen-
cies monitor the incidence of death and develop expecta-
tions of future incidence [3]. Third, deaths greater than 
expected trigger a public health and clinical response 
based on prevailing explanations of the processes that 
affect population health. And last, these explanations, 
and the interventions they shape, presumably change 
based on the inferred efficacy of prior interventions.

Because the above assumptions describe behavior 
studied under the rubric of “process control engineer-
ing,” we borrow terms and arguments from that field to 
describe and demonstrate our approach to estimating 
expected deaths [4, 5]. We, for example, use “signal” to 
refer to the incidence of all-cause death before, and non-
COVID-19 deaths after, the onset of the pandemic. We 
use “response” to refer to clinical and public health inter-
ventions begun when that signal exceeded expectations. 
And, as described below, we use process-control mod-
eling to derive expectations of death.

Process control assumes that “autocorrelation” in a sig-
nal, or how quickly unexpected values return to expected 
levels, gauges the efficacy of response [5]. The argument 
against social distancing as a public health strategy pre-
sumes that autocorrelation in non-COVID-19 deaths 
during the pre-vaccine pandemic appeared longer than 
that among pre-pandemic all-cause deaths (i.e., non-
COVID-19 deaths in the pre-pandemic period). In 
other words, an unexpectedly high count of weekly non-
COVID-19 deaths during the pre-vaccine pandemic 
would presumably persist into more subsequent weeks 
than would a similarly unexpected and high count of 
all-cause deaths in weeks before the pandemic. This pre-
sumption implies that applying the best-fitting model of 
autocorrelation in pre-pandemic all-cause deaths to non-
COVID-19 deaths during the pre-vaccine pandemic will 
estimate fewer deaths during the pre-vaccine era than 
observed. We refer to these estimated deaths as “new-
signal, prior-response expectations” because they result 
from applying autocorrelation in pre-pandemic all-cause 

deaths (i.e., prior response) to observed intra-pandemic, 
pre-vaccine non-COVID-19 deaths (i.e., new signal).

Methods
Data
We derive new-signal, prior-response expectations 
with data from Germany during the 42 intra-pandemic, 
pre-vaccine weeks defined by the first COVID-19 death 
(i.e., March 9, 2020) and the first vaccinations (i.e., 
December 26, 2020). We chose Germany for our exam-
ple because its pandemic policies affected a relatively 
large population and because its income and age distri-
butions appear close to those of Europe as a whole [6]. 
Scholarly controversy, moreover, remains in Germany 
over how much the pre-vaccine intervention of imped-
ing human-to-human contact affected non-COVID-19 
deaths [7, 8]. We do not, however, claim that the results 
of our demonstration will generalize elsewhere.

All-cause death data described below came from the 
Human Mortality Database, a publicly and freely avail-
able source of life table data that meet standards of 
completeness and accuracy set by demographers not 
involved in this paper [9]. COVID-19 deaths came from 
the Our World in Data publicly available website [10]. 
Attributing death to SARS-CoV-2 infection can involve 
judgement subject to error [11]. Data from Germany, 
however, appear relatively accurate [11].

Analyses
We derived new-signal, prior-response expectations in 
4 steps described below.

1.	 We created a time-series of non-COVID-19 deaths 
in Germany for 313 Monday-through-Sunday weeks 
starting December 29, 2014 and ending December 26, 
2020. We used all-cause deaths for pre-pandemic val-
ues, and COVID-19 deaths subtracted from all-cause 
deaths for the 42 intra-pandemic, pre-vaccine weeks. 
Five years of pre-pandemic weekly counts provide suf-
ficient information to identify potential seasonality.

2.	 We used well-developed and widely applied process 
control methods, pioneered by Box and Jenkins [5], 
to identify autocorrelation in 271 weekly counts of 
all-cause deaths in the pre-pandemic period defined 
as December 29, 2014 through March 8, 2020. Box 
and Jenkins offered a general theory of autocorrela-
tion, a common notation for models describing pat-
terns in time-series data, and, most important, rules 
for determining which models best describe autocor-
relation in an observed set of serial measurements. 
Models identified and subsumed by Box-Jenkins 
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methods include, for example, the “reproduction 
number” estimates epidemiologists commonly use 
to describe outbreaks of communicable disease [12]. 
Box and Jenkins models have, moreover, successfully 
fit and predicted intra-pandemic morbidity [13].

	   The general form of a Box-Jenkins model, esti-
mated with maximum likelihood methods, applied 
to weekly non-COVID-19 deaths in the 271 pre-pan-
demic weeks, is as follows:

where Zt is the count of non-COVID-19 deaths in 
week t. C is a constant. at is the value, at week t, of 
independently and normally distributed counts of 
weekly deaths unexpected from autocorrelation in 
the observed series (i.e., Z). B is the “backshift oper-
ator” that equal the values of Z and a at weeks t-1, 
t-p, and t-q. Δd is a “differencing operator” used to 
remove a secular trend (or sine wave) by taking dif-
ferences at week t-d. φ and θ are, respectively, autore-
gressive and moving average parameters that esti-
mate the fraction of Zt added to, or subtracted from, 
Z at t + 1. Φ and Θ are, respectively, higher order 
(e.g., seasonal) autoregressive and moving average 
parameters that estimate the fraction of Zt added to, 
or subtracted from, Z at t + p or t + q in which p and 
q are greater than 1.

	    Not all series will exhibit autocorrelation “fit” with 
a constant as well as autoregressive, moving average, 
and differencing terms. Indeed, the contributions of 
the Box-Jenkins approach include rules for identify-
ing needed terms and how far into the future they 
project proportions of Z [5]).

3.	 We applied the model and coefficients estimated in 
step 2 to the entire 313 weeks of observed data. The 
fitted values for the 42 intra-pandemic, pre-vac-
cine weeks serve as our new-signal, prior-response 
expectations. These estimate weekly non-COVID-19 
deaths in a hypothetical Germany practicing social 
distancing, but in which the efficacy of the response 
of clinicians and public health agencies equals the 
efficacy of their response to all-cause deaths before 
the pandemic. The residuals of this model fitting 
(i.e., observed deaths less expectations for the entire 
series) gauge the degree to which deaths differed 
from those expected under the assumption of equiv-
alent efficacy.

4.	 In our last step we answered the question: did the 
pre-vaccine response of German public health 
agencies to the COVID-19 pandemic coincide 
with detectably more non-COVID-19 deaths than 
expected from the efficacy of their response to pre-
pandemic all-cause deaths? We did so, first, by deter-

(1 − ϕB)
(

1 − ΦBp
)

Δd
(

Zt

)

= C + (1 − θB)(1 − ΘBq)at

mining whether the mean of the 42 intra-pandemic, 
pre-vaccine residuals from the model fitted in step 3 
fell outside the 95% confidence interval of the mean 
(i.e., 0) of the 271 pre-pandemic residuals. If social 
distancing decreased the efficacy of policies that 
reduced non-COVID-19 deaths, the mean of these 
42 residuals would fall above the interval. Second, we 
determined whether autocorrelation in the 42 intra-
pandemic, pre-vaccine weeks differed from that in 
the 271 pre-pandemic weeks. We tested for such a 
difference by computing the autocorrelation function 
of the 42 residuals through 36 lags and applying the 
Ljung-Box [13] test of autocorrelation. If social dis-
tancing increased autocorrelation in non-COVID-19 
deaths, this test would detect autocorrelation.

Results
Non-COVID-19 deaths in Germany over the 313-week 
test period (i.e., December 29, 2014 through December 
26, 2020) ranged from 15,233 to 26,777 with a mean of 
17,928. Non-COVID-19 deaths in the 42 pre-vaccine 
pandemic weeks, shown as points in Fig. 1, ranged from 
16,091 to 21,825 with a mean of 17,940.

Step 2 of our demonstration yielded the following Box-
Jenkins model of the 271-week pre-pandemic series.

in which Zt is weekly all-cause deaths in week t 
and 17,926 is the mean of Z. The 0.897 (standard 
error = 0.028) autoregressive parameter indicates that 
high or low values in week t persisted into week t + 1. 
The 0.155 (standard error = 0.059) autoregressive param-
eter indicates that high or low values at week t “echoed” 
at week t + 26. The residuals of the model (i.e., at) exhib-
ited no autocorrelation and a mean of 0. No differencing 
(i.e., Δd in the general model) or moving average (i.e., θBq 
in the general model) parameters were needed to model 
autocorrelation in the series.

Step 3, applying the model shown above to all 
313 weeks of data, yielded expected (i.e., fitted) values of 
which the last 42 serve as our new-signal, prior-response 
expectations for the pre-vaccine pandemic weeks. These 
values appear as the line in Fig. 1.

The last step in our analyses yielded no support for the 
claim that social distancing in Germany increased non-
COVID-19 deaths above those expected from the effi-
cacy of pre-pandemic clinical and public health policies. 
The mean of the 42 intra-pandemic, pre-vaccine residu-
als was 54.747 with a standard error of 114 implying no 
detectable difference from 0 and, therefore, no shift in the 

(1− 0.897B) 1+ 0.155B26 (Zt − 17926) = at
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level of these deaths. The Ljung-Box test [14], moreover, 
detected no autocorrelation in the residuals (i.e., Q = 32.6 
with 36 degrees of freedom). Indeed, 36 lags of the auto-
correlation function included no coefficient twice its 
standard error.

Based on the logic described above, we conclude that 
the pre-vaccine response of German clinicians and pub-
lic health agencies to the COVID-19 pandemic did not 
coincide with detectably more non-COVID-19 deaths 
than expected from the efficacy of their response to pre-
pandemic deaths.

Discussion
We offer a rationale and method for devising expecta-
tions needed to answer the question: did a population’s 
response to intra-pandemic deaths coincide with more 
non-COVID-19 deaths than expected from the efficacy 
of its response to all-cause deaths before the pandemic? 
These new-signal, prior-response expectations led us 
to answer that, for example, the response by German 
public health agencies and clinicians, which included 
impeded human-to-human contact, did not coincide 
with greater non-COVID-19 deaths than expected 
from the efficacy of their response to pre-pandemic all-
cause deaths.

We acknowledge that deaths shown in Fig. 1 appear to 
drift below expected during 5 weeks of “shutdown” (i.e., 
weeks 16 through 20) and above expected later in the 
year when public resistance to social-distancing policies 

increased. We note, however, that social-distancing 
policies, albeit of varying stringency, applied through-
out the 42 weeks and that, as our test results imply, the 
sum of differences between expected and observed non-
COVID-19 deaths over the 42 weeks did not differ from 
expected. We, therefore, would resist the post-hoc sus-
picion that impeding human-to-human contact reduced 
non-COVID-19 deaths.

Artifacts of the data we used may have affected our 
results. Defining COVID-19 deaths remains, as noted 
above, subject to human judgement and error. We note, 
however, that accounting policies did not change during 
our test period implying that systematic errors unlikely 
affected temporal variation in our series. Our data will 
also fail to capture non-COVID-19 deaths that occurred 
after the test period but may have been averted had 
human to human contact been greater during the pre-
vaccine pandemic.

We could repeat our analyses for sub-categories of 
mortality and would likely find some for which the new-
signal, same-response expectations appeared less than 
the observed values implying that social distancing may 
have reduced the efficacy of pre-pandemic interventions. 
We note, however, that reconciling that result with our 
main finding would logically require discovering causes 
of death for which the expectation appeared greater than 
the observed value. Social distancing, in other words, 
would have decreased the likelihood of some other cause 
or causes of death.

Fig. 1  Non-COVID-19 German deaths (points) and new-signal, prior-response expectations (line) for 42 intra-pandemic, pre-vaccine weeks (i.e., 
3/9/2020 through 12/26/2020)
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We used process-control logic and methods to answer 
the question: did Germany’s social distancing policies 
coincide with more non-COVID-19 deaths than expected 
from the efficacy of its response to all-cause deaths before 
the pandemic? The “pandemic studies” literature includes 
many attempts to answer a related but fundamentally dif-
ferent question: did the pandemic coincide with more 
deaths than expected from history [15]? Answering this 
question requires estimating deaths that process-control 
logic would characterize as “same-signal, same-response” 
expectations because neither deaths nor policies dur-
ing the pandemic era affect their derivation. Researchers 
have derived “same-signal, same-response” expectations 
using several methods, including “stacked calendars” 
[16, 17] and exponential smoothing [18], drawn from the 
forecasting literature. These approaches would not serve 
our purposes because answering our question requires 
expectations affected by deaths observed during the 
pandemic (i.e., that react to a new signal). Unlike Box-
Jenkins methods, moreover, neither “stacked calendars” 
nor exponential smoothing was intended to identify and 
exploit all forms of autocorrelation. Expectations based 
on them may not, therefore, reflect the efficacy of pre-
pandemic clinical and public health policies in reducing 
autocorrelation in deaths (i.e., not fully capture the pre-
pandemic response).

Conclusions
We borrowed constructs and methods from the process 
control literature because they help connect our argu-
ments to the debate surrounding the use of public health 
regulation to manage epidemics. Process control assumes 
a change in response when sensors detect signals above a 
“set point” or largest acceptable value. In our example, all 
cause deaths in the early weeks of the pandemic exceeded 
Germany’s set point and triggered a response, like those 
elsewhere, intended to impede human-to-human con-
tact. That intervention proved controversial in part due 
to the claim that impeding social interaction increased 
non-COVID-19 deaths. Using new-signal, prior-response 
estimates, we find no support for that claim.

We intended our analyses of the German experience to 
demonstrate the new-signal, prior-response method. Our 
findings may not, therefore, generalize to other popula-
tions. Indeed, we offer the new-signal, prior-response 
approach so that public health authorities can assess 
the efficacy of programming that likely varied in effect 
given differences in vulnerabilities, values, and resources 
among the populations served.
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