bioRxiv preprint doi: https://doi.org/10.1101/179846; this version posted March 21, 2018. The copyright holder for this preprint (which was not
certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made available under
aCC-BY-NC-ND 4.0 International license.

Mortality Data Suggeststhat M en do age faster than women

Authors

Peter Lenart?, Daniela Kuruczova®?, Julie Bienertova-Vaskal 2

!Department of Pathological Physiology, Faculty of Medicine, Masaryk University,

Kamenice 5, building A18, 625 00, Brno, Czech Republic

“Research Centre for Toxic Compounds in the Environment, Faculty of Science, Masaryk

University, Kamenice 5, building A29, 625 00, Brno, Czech Republic
Abstract:

Women on average live longer than men, which seems to suggest that women also age slower
than men. However, the potential difference in pace of aging between sexes is a relatively
controversial topic, and both positions “women age slower” and “women and men age at the
same pace’ have found some support. We thus employ mathematica methods previousy
established in model organisms to compare the pace of aging between the sexes using freely
available mortality data from 13 countries. Our results support hypothesis that men age faster

than women.

Introduction:

The life expectancies of men and women are widedly recognized as being different:
women worldwide live longer than men. Thislogically leads to the question whether women also
age slower than men. Both “yes’ and “no” answers have found some support *=. The classical

argument against the notion that women age slower is the fact that men experience higher
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mortality rates at almost every age, i.e. that the reason for their shorter lifespan is that men are
the less “robust” sex and as such exhibit higher background mortality™3. On the other hand,
researchers suggesting that women indeed age slower than men note that this line of reasoning
may not be altogether valid since men die from different causes at different ages 2. Interestingly
both of these views fail to answer the existence of the mortality—morbidity paradox, in other
words why women live longer but are sicker than men®>. Regardless of theoretical arguments,

aging is defined as an age-dependent increase in mortality 2%’

and therefore, the pace of aging of
men and women may be empirically calculated using available mortality data. In this article, we
present the results of an analysis of mortality data which suggests that men do age faster than

women.

One method of quantifying aging relies on calculating the rate at which mortality
increases with age®. The relationship between human age and mortality is usually modeled using
a predefined distribution which explicitly defines the relationship between age and mortality rate.
Distributions most commonly used for this purpose include Gompertz or its extension
Gompertz—Makeham, Weibull and logistic®. The choice of a specific distribution depends on the
purpose of its use: the best fitting model is often desired when a prediction is sought while a
different model may be more suitable for the interpretation of parameter values'®*. Since our
objective was to test the difference between the pace of mortality rate increase in men and
women, the Gompertz model* was selected as well-suited for this purpose. It is appropriate for
accommodating human mortality data approximately between 30 and 80 years of age™* and
also offers a means for comparing mortality rate increase by means of mortality rate doubling

14,15 It

time (MRDT), a parameter commonly used as an estimate of the rate of aging S

disadvantage, i.e. the inability to distinguish between intrinsic and extrinsic mortality rate,
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however this should be to some extend compensated by the fact that the chosen interval of 30 to
60 years of age isinfluenced mainly by intrinsic causes™. Furthermore, the Gompertz model may
also be eadsly transformed and estimated as a linear model, which offers straightforward
statistical tools for testing the difference between men and women. We have further employed
Gompertz-Makeham model to verify results of Gompertz model and help us in interpretation of

results.

In this study we used mortality data obtained from the Human Mortality Database'™® to calculate
MRDTs by Gompertz model for male and female populations in 13 developed countries.
Furthermore, for each country, we also tested whether a statistically significant difference is to
be found between the sexes in slopes of lines obtained by the log-linear Gompertz mortality rate
model. Mortality rates may be affected by a great variety of externa influences unrelated to
aging. One extreme example of such external influences was undoubtedly the Second World War
(WWII) which dramatically altered mortality rates both directly by the deaths of millions of
soldiers and civilians and indirectly by the late effects of injuries, starvation, psychological
trauma, etc. Accordingly, mortality rates during the early life of a cohort are known to influence
its mortality rates later in life'”. Because most countries in the Human Mortality Database were
more or less heavily involved in WWII, we thoroughly analyzed mortality patterns only in
people born at |least 8 years after the end of this conflict. We calculated MRDTSs for cohorts of
people born from 1950 to 1954 using their mortality rates in periods starting in 1980 to 1984 to
the newest available data in the Human Mortality Database. In other words, investigated
mortality rates were from periods starting with their 30™ birthday and ending with the end of

records.

M ethods
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Mortality rate data were acquired from www.mortality.org on 12 July 2017. The Human

Mortality Database (HMD) contained data about mortality rates for 39 sovereign countries and
several others smaller areas and populations. In our analysis we focused on 13 developed,
western (plus Japan), stable countries with population exceeding 8 million. Analysed countries
are Australia, Belgium, Canada, France, Italy, Japan, Netherlands, Portugal, Sweden,

Switzerland, United Kingdom, United States of America and West Germany.
The Gompertz model

The Gompertz model****of exponential hazard growth was used to model the relationship

between age and mortality rate. The basic form of the Gompertz model is
h(t) = ae?t

where a and b are constants, t istime (in our case age), and h(t) is the hazard (mortality) rate.

Using the logarithmic transformation, a smple linear mode! is obtained
logh(t) = +b t.

where log(a) signifies the intercept (overall shift of the linein the direction of the y-axis) and b

expresses the slope of the line. MRDT is subsequently calculated from the slope as

log(2)

MRDT =
b

and expresses the time it takes for the mortality rate to double.

The Gompertz-Makeham modd is a natural extension of the Gompertz model obtained by

adding a constant™;

h(t) = c + ael.
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The constant ¢ expresses the part of mortality, that does not depend on age. Focusing only on the
age-dependent part of the equation, the mortality rate doubling time can be obtained in the same

manner asin the Gompertz model, using the value of parameter b.

The above-described models were fitted on data for each individual country using an age interval
beginning at 30 years of age. A separate model was fitted using male and female data in order to
obtain parameters for both populations. Due to exponential nature of models, numerical fitting
using non-linear least squares was used. Both models accurately fit human mortality dynamics

11,13
0

roughly between 30 and 8 , which was subsequently confirmed during exploratory analysis

of the datafrom HMD.

Results:

The Gompertz model:

MRDTs calculated for people born in 1954 is longer for males in 10 out of 13 countries
(Table 1). However, the possibility of longer male MRDTSs is inconsistent with MRDTSs
calculated for 1953, 1952, 1951 and 1950 cohorts. Males borne in 1953 have longer MRDTsin 8
of 13 countries but those born in 1952 only in 6 of 13. Furthermore, males born in 1951 and
1950 have longer MRDTs only in 8 and 7 countries respectively. Results of the Gompertz model

thus suggest that MRDTs are same for males and females.
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Table1l. MRDTs calculated by Gompertz model

Country Male Femade Male Female Mde Femde Mae Femade Mae  Femae

MRDT MRDT MRDT MRDT MRDT MRDT MRDT MRDT MRDT MRDT

1950 1950 1951 1951 1952 1952 1953 1953 1954 1954
Austrdia 981 936 1003 9.07 1042 1019 1027 10.02 11.10  10.04
Belgium 958 1057 991 997 954 959 960 1027  9.88 9.66
Canada®*? 963 882 973 893 1007 9.00 1044 9.10 1064  8.65
France 1141 1132 1144 1113 1113 1123 1130 1111 1126 1117
Ital y@*? 9.41 969  9.69 967 972 967 988 949  10.11  9.65
Japan 920 1094 9.8 1084 9.16 1059 9.18 1056 9.10  10.56
Netherlands 9.07 925 931 916 908 9.09 884 905 918 9.44
Portugal 1145 1239 1155 1290 11.82 1276 11.86 13.75 12.47  13.00
Sweden 963 9.02 968 917 959 970 997 997 1053 935
Switzerland 1054 1032 1064 1042 1017 972 11.01 957 1099 1045
gor;;}ed Kingdom 919 910 908 911 939 890 934 925  9.32 9.20
USA 1065 927 1067 925 1072 920 1073 925 1095  9.33
Western Germany 928 952 939 961 925 942 915 955  9.43 9.25

Table 1. Summary of MRDTSs calculated by Gompertz model for men and women in 13 analyzed countries.

Years listed in brackets (upper indices in the Country column) indicate the last year with mortality rates

recorded in the Human Mortality Database. In case no number is included, mortality rates were last recorded in

2014.

Gompertz-M akeham

Contrary to the results of Gompertz model, the MRDTs calculated by the

Gompertz-Makeham model for 1950-1954 cohorts are consistently different between sexes
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(Table 2). MRDTs for 1954 as well as 1953 cohorts are longer for women in all 13 countries.

This trend is further evident in all remaining cohorts. MRTDs for 1952, 1951 and 1950 cohorts

are higher for femalesin 12,11 and 10 of 13 countries respectively.

Table2 MRDTs calculated by Gompertz-M akeham model

Country Mae Female Made Female Made Female Mae Female Mae  Female
MRDT MRDT MRDT MRDT MRDT MRDT MRDT MRDT MRDT MRDT
1950 1950 1951 1951 1952 1952 1953 1953 1954 1954
Australia 794 926 771 814 755 1133 748 1055 731 964
Belgium 938 1391 944 985 894 952 911 1215 859 958
Canada® 829 820 760 843 764 975 802 972 733 8.34
France 1402 1249 1389 1264 1212 1262 1278 1324 1195 14.76
Ital y™2 899 991 879 975 862 999 861 953 819 9.66
Japan 1002 1267 993 1210 967 1158 955 1153 984 1260
Netherlands 951 1041 1036 10.85 1004 1059 838 1094 974 1192
Portugal 1154 1778 1121 1218 1222 1308 1263 2012 1411 2137
Sweden 757 903 817 855 717 946 746 1150 794 830
Switzerland 960 1122 1031 1015 813 887 824 911 746 895
(Lzlol’ll; }ed Kingdom 1019 1007 988 1017 1061 958 1052 10.82 1012 10.44
USA 948 973 929 973 958 994 904 979 858  10.06
Western Germany 918 948 921 995 892 968 864 1058 929 974

Table 2: Summary of MRDTSs calculated by Gompertz-Makeham model for men and women in 13 analyzed

countries. Years listed in brackets (upper indices in the Country column) indicate the last year with mortality

rates recorded in the Human Mortality Database. In case ho number is included, mortality rates were last

recorded in 2014.

The opposing results of the Gompertz and Gompertz-M akeham models are most likely caused by

different parametrization rather than different curve shape (Fig. 1). When the age-independent

parameter c is not included like in the Gompertz model, the value of the other two parameters
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changes accordingly in order to provide best-fitting curve. If a roughly same mortality curve is
described by the Gompertz and Gomperz-Makeham model, following applies. the growing ¢
value of the Gompertz-Makeham corresponds to a decreasing b value in the Gompertz model and
thus a increasing MRDT. We have found that the age-independent parameter ¢ is universally

higher in males (Table 3) which explains the different results of Gompertz and Gompertz-

M akeham models.
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Figure 1: Comparison between curve shapes for Gompertz (G) and Gompertz makeham (G-M) in three
representative countries.


https://doi.org/10.1101/179846
http://creativecommons.org/licenses/by-nc-nd/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/179846; this version posted March 21, 2018. The copyright holder for this preprint (which was not
certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made available under
aCC-BY-NC-ND 4.0 International license.

Table 3 parameter c of Gompertz-M akeham M odel for 1954 cohort

Country MaeC FemaleC
Australia 0.00096 0.00009

Belgium 0.00047 -0.00003
Canada®*? 0.00081 0.00008

France -0.00037 -0.00071
Italy®*? 0.00051 -0.00002
Japan -0.00030 -0.00031
Netherlands -0.00017 -0.00065
Portugal -0.00076 -0.00115
Sweden 0.00069 0.00016

Switzerland 0.00091 0.00018

United Kingdom #°*¥ -0.00024 -0.00033
USA 0.00108 -0.00020
Western Germany 0.00002 -0.00007

Table 3: Summary of parameter ¢ of Gompertz-Makeham model for men and women in 13 analyzed
countries. Years listed in brackets (upper indices in the Country column) indicate the last year with
mortality rates recorded in the Human Mortality Database. In case no number is included, mortality rates

were |ast recorded in 2014.

Discussion

In this study, we have investigated mortality data to test whether men age faster than
women, as was previously suggested by several authors*'®2. Interestingly, our calculations of
MRDTs using Gompertz model do not show any consistent difference in pace of aging between
sexes while results of Gompertz-Makeham modd strongly suggests that men age faster than
women. The diference between results of Gompertz and Gompertz-Makeham model may be

explained by the fact that Gompertz-Makeham unlike Gompertz model, includes an age-
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independent parameter ¢ which is amost universally higher in men. Furthemore, this aso
implies that Gompertz-Makeham modéd is beter suited to compare aging between sexes. Thus,

overal our results suport hypothesis that men age faster than women.

The potential weakness of our work is that our analysis of mortality data does not
distinguish between intrinsic and extrinsic sources of mortality. There is a great body of
literature focusing on partitioning mortality to intrinsic and extrinsic mortality?**. Partitioning
of mortality remains the gold standard which can in some situations undoubtedly bring an
important insight into the aging process. However, partitioning mortality to intrinsic and
extrinsic is highly superficial, and the assumption that intrinsic sources of mortality are caused
by aging while the extrinsic sources of mortality are caused by the environment and are thus
constant over age is simply wrong®. Accordingly, even Bruce A. Carnes and S. Jay Olshansky
arguably the two most influential authors studying mortality partitions sharply disagree with such
naive assumption. This is probably best documented by the fact that both of them are among
authors of a paper which clearly states It is difficult to envison a cause of death for humans or
any other species, either intrinsic or extrinsic, that does not exhibit age-dependence.”?. In other
words, biologically, older individuals have a higher risk of death from both intrinsic and extrinsic
sources. Thus we believe that for our purpose using total mortality to compare the pace of aging

should be sufficient or even preferable to using only intrinsic mortality.

Overal, our results indicate that men age faster than women. This may have a far-reaching

implications for aging research aswell as medicine.

Code availability

Code isavailable at http://www.math.muni.cz/~xkuruczovad/Gompertz_calc.R or upon request.
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