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2. Executive summary

Daily mortality pattern in Israel by age groups 2000-2019, building a model for forecast
future mortality and estimation of excess mortality in the shadow of the corona

pandemic

Introduction: After about half a year of coping with the corona virus, from mid-March (more
precisely 20.3.2020) to the end of September, about 950 people died of the corona virus, and
their relative share of total deaths in Israel was almost 5% over the entire period, and about
13% at the end (10% in August and 16% in September).

The question arises - does the corona virus have an effect on deaths beyond those deaths
identified as mortality from the corona virus? For example, deaths from unidentified corona
virus, deaths from other diseases that were not treated in time or worsened as a result of
avoiding going to hospitals due to fear of infection, or deaths that were actually avoided due
to taking precautions due to corona virus, or closure that reduced road traffic, etc.

A reliable examination of excess mortality in the present and future corona period, compared
with previous years, in different age groups, is an epidemiological approach that helps to
answer this question, and this is the aim of this work.

Corona is an age-dependent disease, disease rates vary by age groups, and deaths in general
are age-dependent, with about 80% of the Israeli deaths are among people aged 75 and over.
Therefore, excess mortality should be examined according to age groups. In addition,
comparison with previous years must take into account that in Israel the population has
increased and mortality rates are declining. The population is aging year by year and life
expectancy is on the rise (in 2019 it was 85 for women and 81 for men, one of the highest in

the world). Therefore, a direct comparison of the number of deaths in the corona period in



2020 to the average number of deaths in a corresponding period in previous years does not
reflect the full picture.

Methods: This work took into account the factors mentioned above as well as the annual
periodicity of mortality, which is higher in winter compared to other seasons, with the cooling
of the weather and the increase in flu rates, as well as the differences in weather from year to
year. Statistical models were constructed accordingly (base curves for daily mortality rates),
based on daily data on deaths, for the period 2000-2019, which make it possible to predict the
number of deaths expected in Israel in general, and in particular in 2020 (during January-
September), if there were no pandemic. A model was built for each age group, and the excess
mortality for sub-periods during January-September 2020 was calculated as the difference
between the actual number of deaths and the number of deaths that the model predicted
Results: We found that in January to mid-March, before the onset of corona mortality, the
general population had less mortality than expected compared to previous years, with about
450 fewer deaths than expected. But in the corona period from mid-March to the end of
September 2020, during 23 weeks, there was a significant excess mortality of about 940
deaths, with the number of corona deaths during that period being similar. The excess
observed is very different in the different age groups.

In the age group 0-19, significantly less mortality was found during the months of January-
September, both in January to mid-March, before the corona period, and during it. For those
aged of 20-69, mortality in this period is similar to that in previous years, with a small deficit

before the corona period (about 80) and a small surplus during it (about 70).

At the age of 70+, an excess mortality rate about 1,500 deaths was observed during the corona
period; But a distinction must be made between two age groups 70-89, and 90+. At the age of

89-70, there was less mortality in the months January to mid-March, before the corona period



(334) and there was 1109 deceased during the corona period. The excess deaths exceeded the
number of deaths directly from the Corona virus (879) and they may have had a "mortality
delay" condition from the beginning of the year to the days of the pandemic, perhaps due to a
delay in accessing health services. At the age of 90+, the mortality before the corona was
similar to previous years, but there was an excess mortality of about 380 deaths starting in
mid-March, a number similar to the number of deaths from the corona virus at this age (341).
For them the excess mortality was directly related to the corona.

In addition, the majority of the excess mortality was in September (aged 70+) with the
significant increase in the number of patients, and not earlier, in cooler months.

Discussion and Conclusions: When assessing the health impact, direct and indirect, of a
long-lasting pandemic such as the corona virus, a reliable examination of excess mortality by
age is important. Long-term morbidity assessment is affected by time-dependent changes; e.g.
over time, the indications for testing and the definition of the severity of the disease are
varying. In such a situation calculating excess mortality by age reliably indicates the burden
of morbidity associated with corona.

Analyzing data up to the end of September yielded that excess mortality was different in age
groups, and at the age of 70-89 there is an excess of deaths beyond the registered number of
corona virus deaths which implies an indirect mortality from corona.

Corona morbidity persists as well as mortality. The models built make it possible to predict
mortality if Corona had not been present in the following seasons as well. This enable us to
monitor future excess mortality in general, and in particular excess mortality that is not

directly from Corona, in any age group.
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Technical Appendix
Modeling Daily Mortality Rates in Israel: 2000-2019

General

We used a Poisson regression model for establishing an Israeli baseline daily mortality rate
curve, for the period 1.1.2000-31.12.2019 and for predicting mortality for 2020.

The Israel Central Bureau of Statistics (CBS) provided daily mortality data (dependent
variable) for Israel from 1 January 2000 through 31 December 2019. The data were
stratified by age group. The CBS also provided annual data (through 2018) on the size of the
population (indicator for the offset parameter) by age group and monthly data on the total
size of the population for 2019 and 2020. Data from 2000-2019 were used to model the
mortality rates adjusted to several factors (predictor variables) from the pre-covid-19
period; the estimated rates were then used to predict mortality for 2020.

Modeling of the population data is described at the end of this document.

Predictor variables

¢ Anannual trend, modeled by a cyclic B-spline. As this is a function of the day of the
year, the symbol DY will be used later to indicate this variable.

* Along-term linear trend, with a possible change in slope in 2010. Placing the slope
change at 2010 was based on prior graphical review of the daily mortality rates,
which showed decreasing rates through 2010 and relatively little change thereafter.
The variable Year will be used for the long-term trend.

e Theindex of influenza like illness (ILI) computed weekly by the Israel Center for
Disease Control. The weekly summary value was taken to apply for all days of that
week. Distinct measures were used for ages 0-19, 20-59 and 60+. The latter were
used for modeling mortality rates in all age groups for the 60+ population. The
reason for combining the ILI data from all these age groups is that the index is not so
reliable for the oldest age groups, which have the heaviest mortality, and overall,
there is high correlation across all these age groups. Thus we were convinced that
the combined index was more stable and better reflected the state of the annual
influenza infection than did the indices for any of the more specific age groups in the
60+ population.

e Weather variables recorded daily at Beit Dagan were provided by the Israel
Meteorological Service (IMS): minimum and maximum temperature, dew point
temperature at time 03:00 and average radiation. These will be denoted later by
Tmax Tmin, TD @and AR. Each weather variable was used to generate separate
predictors, one for each season of the year. This allows us to model, for example,
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the fact that higher temperatures may be associated with decreased mortality in
winter, but with increased mortality in summer.

Lagged weather variables: Several options were assessed for using these data as
predictors of mortality, including “same day” values, the average of the 4 preceding
days (but not including the same day) and the average of the 10 preceding days.
Both lagged averages were also used jointly with the same day values. All of these
options provided similar quality fits, with a slight preference for the two lagged
options without same day values. We elected to use the 10-day lagged averages for
all the weather variables.

e Season: The division into seasons followed the recommendations of the IMS, with
Summer including June, July, August and September; Fall including October and
November; Winter including December, January and February; and Spring including
March, April and May. These separate variables are distinguished later by
appropriate sub-scripts. Each season-specific variable is assigned the value of the
corresponding variable on days that belong to that season and is equal to 0 on all
days in other seasons.

e Day of the week: was also included, after noticing that there are distinctly fewer
deaths on Saturdays, and to a lesser extent on Fridays, than during the rest of the
week.

Equation

The model (for each age group) has the following structure.

Let Y,.J denote the number of deaths in age group i onday j and let F, ; denote the

corresponding population size of the age group. (In this description, day refers to the entire
length of the data set used for fitting the model, unlike the variable Day that appears below
in the model equation.) We will explain later how we used the available data on population

size to achieve daily numbers. Let 61, denote the underlying mortality rate. The model
assumes that Y, ; has a Poisson distribution with mean value equalto P, ;6 ; and uses the
standard logarithmic link function. We also assume that the death counts on successive
days are statistically independent of one another. The model for YI] thus includes an offset

of log(Pl.,j) to adjust for the population size.

We take the population size as given and model how the mortality rate depends on the
predictor variables:

log(€, ;) =B, + B, Sun, + B, Mon + [, Tues + 3, Wed + 3 Thur + 3 .Fri+s,(Day,)
+:B7,i (Year — 2000)j + ﬁx,i(yearj -2010)" + :89,iILIi,j + ﬁl(),iTmax,Sm,j + ﬁll,iTmax,F,j
+ﬁ12,iTmax,W,j + ﬁlliTmax,Sp,j + ﬁl4,iTmin,Sm,j + ﬁlS,iTmin,F,j + ﬁlﬁ,iTmin,W,j + ﬁ17,iTmin,Sp,j

+ﬁ18,iTDSm,j + :819,iTDF,j + ﬁZO,iTDW,j + :le,iTDSp,j + ﬁZZ,iARSm,j + :823,iARF,j
+ﬁ24,iARW,j + ﬁ25,iAR

Sp.J

The predictor variables are identical for all age groups with the exception of ILI, as noted
earlier. However, the effect of each variable is taken to be age-group specific. The first
predictors are indicators for day of the week, with Saturday taken as the “reference” day
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and represented by the intercept f3,. The function si(Dayj) represents the annual trend

as a smooth, periodic function of Day, which runs from 1 through 365 (366 for leap years).
This is fitted by assuming a periodic B-spline basis and using automatic methods to choose
the necessary level of smoothing. We subtracted 2000 from the Year to obtain a variable

that runs from 0 through 19 in our data. The function (Year, —-2010)" is equal to O for all

years from 2000 until 2010, then takes on values 1,2,...,9 for 2011 through 2019. The
combination of the two functions of Year generates a linear spline with a knot at 2010 to
represent the long-term trend in mortality rate.

The model was fitted to the data using the gam (Generalized Additive Model) function in the
R package mgcv, with default settings for the degree of smoothing.

All coefficients were left in the models regardless of results on their statistical significance.
Leaving in coefficients that are, perhaps, not needed has the benefits of reducing bias and of
eliminating the need for possibly arbitrary decisions about model selection. It has the
drawback of increasing the variance of the estimated mortality rates. However, examination
of the results showed that the variance in the estimates was quite small even with all terms
retained. Therefore there was no reason to consider dropping predictors.

Data from 2000-2019 were used to fit all models except that for ages 90+. Initial inspection
of the data showed a large difference in the raw mortality rates through 2008 and after
2008. The CBS confirmed that population size data for this age group were unreliable for the
earlier period, but were reliable thereafter, following the national census in 2009.
Therefore, for the 90+ group, only data from 2009-2019 were used to fit the model.

Examination of the models showed very good fits to the data. The only daily observation
that stands out as a clear outlier is the mortality in the 20-59 age group on 2 December
2010, resulting from the high mortality caused by the Carmel fire.

Predicting Mortality in 2020

The model produces an estimate HU of the logarithm of the mortality rate in age group i
for any day j on which all the predictor variables are available. That estimate is
transformed back to an estimate Qj of the mortality rate. These estimates are computed

for each day in 2020 throughout the period where we had all predictors and could compare
to actual mortality. The predicted mortality is then computed as I?” = P”QJ Predicted
mortality for the entire population, or for broader age groups, is computed by summing the
predictions over all relevant age groups.

Modeling Population Size

For 2000-2018, annual data were available for population size by age group. Using these
numbers as the population size for each day in that year would result in an “artificial” drop
in daily mortality rate on 1 January each year due to the jump in population size. We
preferred to “smooth” the population data so as to reflect the gradual increase in the
population sizes over time.
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The annual data are an average of the population size across the entire year. Thus we took
them as representative of the size of the population on 2 July of each year (day 182 if no
leap year). For 2019 and 2020, monthly data were available but without the breakdown by
age groups. As the population of Israel has grown considerably over this period, we desired
to use the most recent data possible. So we computed age specific population estimates for
2019 and 2020 by assuming the relative fraction of the population in each age group
remained the same as it had been in 2018.

The population size data for each age group were then modeled by a smooth regression
function using the gam routine in the mgcv package in R. All of these fits reproduce the
observed data almost perfectly. Predicted values from the fits at the daily level give the
gradual increase in the population size. These predicted values served as the PI] in our

models and our predictions.
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19 2y (1n3) 95% 7w a1 'nin oy (') 19x1 (NINY) A5¥1 ,NN0S 190N 1 7 D'Yan
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no%, (30.12.19-1.11.20) 2020 nmiwa nIWXIA NIVIAYA 44 2 animn 9Ty :2 a7a0
AUOI'IND 77221 ,'7'2 NIXIAR 197 ;Nd7ana1 NANIEA N9IPN
190'VLON 7TINA 'S 7V NIBX NNV 1D0N? NOXI NN'VD 1D0N |2 WO -NNINN qTIY

44-1 niyiav ,nomn 7'ma x
(26.10.20 2 ''nnn 44 yiavw ,30.12.19 2 7'nnn 1 y1av)

NN qTIY N5X1 NIN'UD 190N NIN'VD 190N 2 n¥nap
(da1n niNvo) 119X
MmNz onimv % % qo0n (95% 121 nIN)
-3.0 -20.9 **-169 (5) 638 807 0-19
751-864
129.1 3.3 **134 (173) 4137 4003 20-59
3878-4127
174.0 3.7 **181 (8315) 5093 4912 60-69
4774-5050
81.5 10.0 **768 (626) 8485 7717 70-79
7544-7890
121.8 5.7 **730 (889) 13511 12781 80-89
12559-13003
85.1 7.9 **653 (556) 8877 8224 +90
8046-8402
111.6 6.0 **2297 | (2564) 40741 38444 i b)
38060-38829 nUoIIND

100 7193 ,M19% NIN'VD 190N 27N NN'VD qTIY 190N =NN'Y qTIV %~

N'VO'VLO NigNaIN™
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12-1 niyiaw ,nNipn animna n'2'nn 197 a
(16.3.20 2 '7'nnn 12 yiaw ,30.12.19 2 '7'nnn 1 yiaw)

NnN'oo OTIY N9¥1 NIN'VUD 190N | 'IDX NIN'VD 190N 72 nx1ap
% a90n (95% 121 niN)
-15.4 *-37 204 241 0-19
210 -272
-0.4 -5 1153 1158 20-59
1091 — 1225
-4.8 -74 1459 1533 60-69
1456-1610
-5.7 **-141 2323 2464 70-79
2366-2561
-4.7 **-194 3968 4162 80-89
4035 — 4289
0.4 11 2672 2661 +90
2559 — 2762
-3.6 **-440 11,779 12,219 '
12,002-12,436 AnoI'NIND
44-13 niyiaw ,NNIpa NOIpNA A
(26.10.20 1 ''nnn 44 yi1av ,23.3.20 2 '7'nnn 13 yiaw)
nN'uoe QT NIN'YS 190N "oXY NIN'UO on | A n¥Iap
nova | (95% "1an nin)
("N niNouo)
oni'm % % 90N
nnNipY
-3.8 -23.3 *-132 (5) 434 566 0-19
519-614
124.5 4.7 **139 (173) 2984 2845 20-59
2740-2950
123.5 7.5 *255 (315) 3634 3379 60-69
3265-3494
68.9 17.3 **909 (626) 6162 5253 70-79
5111-5396
96.2 10.7 **924 (889) 9543 8619 80-89
8436-8801
86.7 11.5 **641 (556) 6205 5564 +90
5417-5710
93.7 10.4 2737 2564) 28962 26225 '
25908-26543 | amordIxn

;100 7195 , 19X NN'VD 1901 77N NN'VD qTIV =NN'VS qTIV % *
100 7195 ,NN'UD TV 770 NINIEN NIN'YD =NINIRT? oNIMY NN qTIY % #

N'00'VVO Nignam **
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nwiav 44 'xxnn nino

nIyviva 44 '‘m

,+20 *7211 (-21%) niN'voN 190N 7nam Yoin v, mw 19-0 '2222 NI DIw NnvY
(8% +90 ,6% 80-89 ,10% 70-79 ,4% 60-69 ,3% 20-59) niN'voN 190N 7naM qTIY

.6% 79 N9 1v0Na Fham gTIY AToIIXRD 7722 .7TMN '9 7Y 119¥N 190Nn7 NXIYNI

:(12-1 miyiaw) nanipa noipn 194

arol'nIxN 772 .+90 721 vbyn? 720 NIXIAR 722 N9 N0IN NO9X] NINTIR DY NNIYY

4% 1w NIN'VON 190N PnaIn Yon

:(44-13 niyiaw) mnNipa noizna

qTIy :59-20 7121 .-4% naNiz? onim 11nn ,-23% nN'von 190N 7naim 1oin :19-0 1
190n2 7nan qTy :69-60 "7'a2.124% nani? onim nnn |, 5% nN'wsn 19001 pnam
,17% ninroon 1o0na pnam Ty :79-70 *722.124% nanip'? onir nnn |, 8% nin'uon

NINIE? onim 1mmn ,11% nin'von 19ona pnam gy :89-90 721 .69% naNiR? onim nnn

87% ninip7 onim mn  ,12% nNroon 19ona pnam Ty 90+ 7121.96%

94% nmni? oni'n 1nn ,10% Yw NN'VOA 190N PN TIV ATOITIIND 7'

nnpon

NIV ' X ,NINIRY7 onim 171> vyNdW (10%) NN'VS OTIY X¥N ,A"OI'DINN 7'D2
2120 NINIAR

9Ty 2'n +20 7122 ,MINIEa N9IENA 7nam NN Yoin At 19-0 'maw miya .
NS 7Y 7nan

NNINNY D 7V NN NN qTIV 7V A71Y MNpn 0Mv9Ia 1von 20-69 M .
.NYIN1 NINX Na'on
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