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Comparing Cohort Survival in Good Health: A Research Note 
on Decomposing Sex Differentials in the United States

Markus Sauerberg and Vladimir Canudas-Romo

ABSTRACT We intro duce a method for decomposing dif fer ences in healthy cross-  
sec tional aver age length of life (HCAL). HCAL pro vi des an alter na tive to the 
health expec tancy (HE) indi ca tor by includ ing the health and mor tal ity his tory of all  
cohorts pres ent at a given time. While decom po si tions of HE dif fer ences account for 
 con tri bu tions made by health and mor tal ity, dif fer ences in HCAL are fur ther disentan-
gled into cohort-spe cific con tri bu tions. In this research note we illus trate the tech nique 
by ana lyz ing the sex gap in health and mor tal ity for the United States. We use the 
 har mo nized ver sion of the Health and Retirement Survey data and define the health 
sta tus in terms of activ i ties of daily liv ing. Our results sug gest that the female advan-
tage in cohort sur vival is partly com pen sated by women’s lower cohort-spe cific health 
lev els. At older ages, how ever, the sex dif fer ences in health are not large enough to 
com pen sate men’s dis ad van tage in cohort sur vival.

KEYWORDS Disability-free life expec tancy • HCAL • Cohort anal y sis • Formal 
demog ra phy • Decomposition

Introduction

Researchers and pub lic health offi cials usu ally mea sure and com pare pop u la tion 
health on the basis of the health expec tancy mea sure (HE) (Wang et al. 2020). HE 
can be cal cu lated as a period indi ca tor or refer to birth cohorts. While period indi-
ca tors are essen tial for exam in ing period effects (e.g., a sud den health cri sis in a 
cal en dar year, such as COVID-19), they are lim ited in pro vid ing infor ma tion on the 
health and mor tal ity expe ri ence for any actual group of indi vid u als (Goldstein and 
Wachter 2006; Guillot 2003; Schoen and Canudas-Romo 2005). This is because the 
period con cept relies on sim u lat ing a syn thetic cohort, which is usu ally subjected to a 
very dif fer ent health and mor tal ity expe ri ence than actual cohorts (Caselli and Vallin 
2006).

As an exam ple, dif fer ences in health and mor tal ity between Amer i can women and 
men have been ascribed to dif fer ent health behav iors, such as diet, smok ing, phys-
i cal activ ity, and alco hol con sump tion (Levine and Crimmins 2018; Li et al. 2018; 
Montez et al. 2016). These are usu ally life course events rather than period shocks, 

D
ow

nloaded from
 http://dup.silverchair.com

/dem
ography/article-pdf/59/6/2013/1682178/2013sauerberg.pdf by guest on 10 April 2024

https://doi.org/10.1215/00703370-10349971
https://doi.org/10.1215/00703370-10349971


2014 M. Sauerberg and V. Canudas-Romo

and so might be best under stood by looking at cohort-spe cific data (Beltrán-Sánchez 
et al. 2015; Guillot and Payne 2019; Preston and Wang 2006). Yet, pre vi ous stud ies 
on sex dif fer ences in health and mor tal ity have mostly focused on com par ing period 
HE (Crimmins et al. 2008; Cui et al. 2019; Solé-Auró et al. 2015).

The healthy cross-sec tional aver age length of life (HCAL) was first intro duced by 
Sauerberg et al. (2020). It extends the cross-sec tional aver age length of life (CAL) 
(Brouard 1986; Guillot 2003) to the health dimen sion. In con trast to the con ven-
tional HE indi ca tor, HCAL takes into account the past health and mor tal ity his tory of 
cohorts. Similar mea sures have been recently intro duced to study life span inequal ity 
(Nepomuceno et al. 2022) and child less ness (Mogi et al. 2022). HCAL can be inter-
preted as the sum, over all  cohorts pres ent in the obser va tion period, of the pro por-
tions being alive and in good health.

This research note aims at fur ther devel op ing HCAL by pro pos ing a decom po-
si tion method, which allows one to dis en tan gle the age- and cohort-spe cific con tri-
bu tion between two HCALs. The decom po si tion distinguishes between a mor tal ity 
effect (reflecting the age- and cohort-spe cific dif fer ences in mor tal ity) and a dis abil ity 
effect (reflecting the cor re spond ing dif fer ences in dis abil ity). Thus, it extends the 
method for decomposing dif fer ences in con ven tional HE intro duced by Nusselder 
and Looman (2004). Their approach has been fre quently used to decom pose sex dif-
fer en tials in HE into health and mor tal ity com po nents (Mairey et al. 2014; Nusselder 
et al. 2010; Van Oyen et al. 2013). The new method makes it pos si ble to iden tify 
age- and cohort-spe cific con tri bu tions as well. This enables research ers to take into 
account cohort effects and exam ine dif fer ences in health and mor tal ity from a life 
course per spec tive.

Data and Methods

We obtained age-spe cific death rates by sex for the United States from the Human 
Mortality Database (2022). This data base uses vital sta tis tics to pro vide high-qual ity 
mor tal ity data for indus tri al ized countries, processing the data in a har mo nized pro ce-
dure that ensures com pa ra bil ity across countries and over time (Wilmoth et al. 2017). 
We used period age-spe cific death rates to recon struct cohort sur vi vor ship by age and 
sex in accor dance with con ven tional life table tech niques (Preston et al. 2001). More 
detailed infor ma tion on the performed cal cu la tions appears in the online sup ple men-
tary mate rial.

The health data come from the Gateway to Global Aging Data (2022). The Gate-
way pro vi des sur vey-spe cific har mo nized data sets containing a sub set of the sur vey 
data with var i ables defined to be as com pa ra ble as pos si ble between sur veys and over 
time (Lee et al. 2021). We selected the har mo nized data set with the lon gest time 
series, that is, the Health and Retirement Survey (HRS). HRS is a nation ally rep re-
sen ta tive lon gi tu di nal sur vey of more than 37,000 indi vid u als over age 50 from the 
United States (Beaumaster et al. 2018).

After apply ing cross-sec tional sur vey weights, we cal cu lated the age- and sex-
spe cific prev a lence of being unhealthy in terms of activ i ties of daily liv ing (ADLs). 
ADLs refer to self-reported dif fi cul ties in bath ing, dress ing, eat ing, get ting in and 
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out of bed, and using the toi let. Accordingly, we exam ine women and men regard ing 
dif fer ences in dis abil ity and prob lems with phys i cal func tion ing. Several other health 
indi ca tors, such as cog ni tive func tion ing, global self-rated health, or grip strength, 
exist, reflecting dif fer ent health domains; the extent of sex dif fer en tials depends on the 
choice of the health indi ca tor (Crimmins et al. 2011; Di Lego et al. 2020; Oksuzyan  
et al. 2010). There are two prac ti cal rea sons why we decided to use ADLs. First, the 
ADL ques tion was con sis tently asked in the HRS sur vey, enabling us to ana lyze a 
long time series with out any breaks. Second, ADL prev a lence is usu ally com par-
a tively low before age 50, while other indi ca tors may already show large sex dif-
fer en tials at youn ger ages (Case and Paxson 2005; Centers for Disease Control and 
Prevention 2015).

Individuals are defined as being healthy if they do not report any ADLs. Con-
sequently, the age- and sex-spe cific prev a lence of being unhealthy is given by 
the ratio of indi vid u als with no self-reported ADLs and the total num ber of indi-
vid u als in the cor re spond ing age group. We used the gen er al ized addi tive model 
(GAM) with bino mial dis tri bu tion to model the age- and sex-spe cific prev a lence 
pro por tions in order to obtain prev a lence data for sin gle years, which is required 
for our anal y sis (see, e.g., Wood (2017) for infor ma tion on GAM). The anal y sis is 
 performed by using the “mgcv” pack age in R (R Core Team 2021) and refers to 
cohorts above age 50, liv ing between 1980 and 2019 (see the online sup ple men tary 
mate rial for details).

The Healthy Cross-Sectional Average Length of Life

Let the HCAL at time t be com puted as

 HCAL(t) = lc*(x, t − x)dx,0
ω
∫  (1)

where lc*(x, t − x) denotes the age- and cohort-spe cific health sur vi vor ship func tion, 
for the cohort born in year t − x. The health-adjusted sur vival is defined in accor dance 
with Sullivan (1971) as

 lc*(x, t − x) = lc(x, t − x)πc(x, t − x),  (2)

where lc(x, t − x) is the age- and cohort-spe cific sur vi vor ship func tion for the cohort 
born in time t − x (pro por tion of being alive) and πc(x, t − x) denotes the cor re spond-
ing pro por tions of those who are healthy. Thus, HCAL com bines two com pa ra ble and 
the o ret i cally con sis tent cohort-spe cific pro por tions, namely, the mor tal ity and health 
com po nents (Sauerberg et al. 2020).

The Truncated Healthy Cross-Sectional Average Length of Life

Health data are usu ally not avail  able for long con sec u tive time series. Thus, we 
intro duce a trun cated ver sion of HCAL—which we refer to as THCAL. Defining 
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THCAL enables research ers to cal cu late the mea sure for pop u la tions with par tially 
avail  able infor ma tion. THCAL(t,Y1) cov ers the time span between the ear li est year 
with  avail  able health and mor tal ity data Y1 and time t, which is the obser va tion period. 
Thus, THCAL(t,Y1) is com puted as

 THCAL(t,Y1) = lc*(x,  t − x,  Y1)dx,50
ω
∫  (3)

where lc*(x, t − x,Y1) denotes the age- and cohort-spe cific health sur vi vor ship func-
tion with incom plete data, that is, data are avail  able from Y1 to time t, for the cohort 
born in year t − x. The upper age limit, ω, is the age 100 years. Canudas-Romo 
and Guillot (2015) intro duced the trun cated cross-sec tional aver age length of life 
TCAL(t,Y1) cal cu lated in a sim i lar fash ion as in Eq. (3), but using the over all sur-
vi vor ship func tion, lc(x, t − x,Y1), with out adjusting for health. Hence, TCAL(t,Y1) 
rep re sents the aver age num ber of years lived by all  the pop u la tion pres ent at a given  
time t, account ing for all  the cohort sur vival infor ma tion between the two years Y1 and t.  
Its com ple ment THCAL(t,Y1)  cor re sponds to the aver age num ber of years lived in 
good health between years Y1 and t.

Decomposing the Difference of Two THCALs

Using the nota tion of a dot on top of the var i able to denote deriv a tives, then the 
change in THCAL(t,Y1), or com par i son of the mea sure between two pop u la tions, can 
be cal cu lated as

 TH !CAL(t,Y1) = lc*
.
(x, t − x,Y1)dx,50

ω
∫  (4a)

or includ ing the defi  ni tion of the health-adjusted sur vival func tion presented in  
Eq. (2) as

 TH !CAL (t, Y1) = !lc(x, t − x, Y1)πc(x, t − x, Y1)dx50
ω
∫  

 + lc(x, t − x, Y1) !πc(x, t − x, Y1)dx.50
ω
∫  (4b)

The two terms on the right of Eq. (4b) cor re spond to the changes in THCAL owing to 
mor tal ity and the health prev a lence, respec tively.

The mor tal ity com po nent in Eq. (4b) can be fur ther age- and cohort-decomposed 
by adapting the same pro ce dure as in Canudas-Romo and Guillot (2015):

 

!lc(x, t − x, Y1)πc(x, t − x, Y1) dx50
ω
∫  

= lc(x, t − x, Y1)πc(x, t − x, Y1) 1 !pi(t)
1 pi(t)

i  = 1
x  − 1∑

⎡

⎣
⎢

⎤

⎦
⎥ dx,50

ω
∫  (5)

where 1 pi(t) is the cohort prob a bil ity of sur viv ing from age i to age i + 1, and related to the 
over all sur vival to age x by the equa tion lc(x, t − x,Y1) = 1 p0(t) 1 p1(t) 1 p2(t)! 1 px  −  1(t).  
Unlike a pure mor tal ity age and cohort decom po si tion of TCAL, Eq. (5) also includes 
the pro por tion of those who are healthy.
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An anal o gous expres sion can be found for the healthy pro por tion ele ment of  
Eq. (4b) as 

 

lc(x, t − x, Y1) !πc(x, t − x, Y1)dx50
ω
∫

= lc(x, t − x, Y1)πc(x, t − x, Y1) 1
.
Pi(t)

1Pi(t)
i  = 1
x  − 1∑

⎡

⎣
⎢

⎤

⎦
⎥dx,50

ω
∫  (6)

where 1Pi(t) is the cohort change in the pro por tion of healthy indi vid u als from age 

i to age i + 1, or 1Pi(t) =
πc(i + 1, t  − x)
πc(i, t  − x)

, and related to the over all prev a lence of 

health to age x by the equa tion πc(x,t − x,Y1) = 1P0(t) 1P1(t) 1P2(t)! 1Px−1(t). It is use-
ful to assume that the prev a lence of health is equal to 1, or 100% for the first age 
πc(0, t − x) = 1, sim i lar to hav ing the radix of the pop u la tion equal to 1,  lc(0, t − x) = 1.  
As for Eq. (5), the age and cohort decom po si tion in Eq. (6) includes a term for the 
sur vival func tion in its esti ma tion, mak ing it a com po nent of the change in the over all 
THCAL.

Similar to life tables, which can start at any age, our cal cu la tions of TCAL and 
THCAL are restricted to the age inter val 50 or more, where data were avail  able for 
health prev a lence.

Our pro posed decom po si tion method could also be adapted to a purely inci dence-
based model such as the mul ti state life table, which has been used in the field of HE 
research as well (e.g., Rogers et al. 1990; Schoen 2013). It is well documented that the 
mul ti state life table is usu ally the pre ferred method for cal cu lat ing HE, but the lack of 
data ham pers its empir i cal appli ca tions (Laditka and Hayward 2003; Saito et al. 2014). 
This is also the rea son why we rely on prev a lence data, which pro vide a short cut as they 
can be seen as representing the net effect of past tran si tions between health states. More 
details are pro vided in the online sup ple men tary mate rial. In addi tion, our R code can 
be found in the GitHub repos i tory at https:  /  /github  .com  /THCAL  /THCAL.

Results

Figure 1 shows the com par i son of over all cohort sur vival and cohort sur vival in good 
health. As described ear lier, THCAL is trun cated at age 50, that is, we begin our 
anal y sis at this age with 100% of our cohort healthy. Starting from age 50 to 51, the 
THCAL cohorts are subjected to the cor re spond ing health and mor tal ity data. For 
instance, the pro por tion of being alive for the birth cohort of 1939 is 99.6%, and 
91.7% of them are also healthy, resulting in a pro por tion of healthy cohort sur vi vors 
at age 51 of 88.6% (.886 = .966 × .917). The cohort com par i son reveals that mor tal-
ity improve ments have led to an increas ing rel a tive num ber of indi vid u als sur viv ing 
up to age 80. This is more pro nounced among men than among women. Health- 
adjusted sur vival declines faster with age. For instance, about 20% of women born 
in 1931 remain healthy and alive at age 88, while over all sur vival is about 35%. 
Further, the dif fer ence between over all sur vival and health-adjusted sur vival is larger 
among women than among men, which is due to higher mor bid ity rates for women  
(Crimmins et al. 2011; Di Lego et al. 2020; Oksuzyan et al. 2018).
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We would like to point out that uncer tainty should be con sid ered when interpreting 
these results. For instance, the dif fer ences in healthy cohort sur vival between the two 
birth cohorts (Figure 1) are rel a tively small and might stem from ran dom ness. We 
address this by pro vid ing 95% con fi dence inter vals for TCAL and THCAL esti ma tes 
as shown in Table 1.

Figure 2 pres ents sex dif fer en tials in health and mor tal ity in terms of log ratios of 
age-spe cific pro por tions of sur vi vors and age-spe cific prev a lence pro por tions. The log 
ratios are presented in a Lexis sur face, depicting dif fer ences between women and men 
across age and over time. While pro por tions alive are con sis tently larger for women 
(blue col ors), the pro por tions that are healthy are always higher among men (red  col ors). 
Sex dif fer en tials in both pro por tions show increas ing trends over time. However, the 
sex gap in sur viv ing is con sid er ably larger than the health gap mea sured through ADLs 
(log ratios of prev a lence data are plot ted on a smaller color scale). As men tioned in 
the Introduction, the extent of health dif fer ences between women and men depends on 
the under ly ing health indi ca tor and may be larger based on other mea sures. The  fig ure 
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Fig. 1 Overall cohort survival and health-adjusted cohort survival for two selected birth cohorts in the 
United States, cohorts 1931 and 1939 observed until 2019. Source: Authors’ calculations based on data 
from the Gateway to Global Aging Data (2022) and Human Mortality Database (2022).
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 sug gests narrowing sex dif fer en tials over time for both health and mor tal ity. Especially 
in recent years, ADL prev a lence is very sim i lar for women and men between the ages 
55 and 65, as well as at age 80 (indi cated by areas shaded in light red).

Table 1 pres ents the val ues for U.S. TCAL and THCAL at age 50 by sex. TCAL 
for women exceeds TCAL for men (33.3 years vs. 29.7 years), reflecting the female 

Table 1 TCAL and THCAL in 2019 at age 50 for U.S. women and men, and THCAL decom po si tion into 
mor tal ity and dis abil ity con tri bu tions

TCAL THCAL

Women 33.3 (33.2, 33.3) 27.1 (27.1, 27.1)
Men 29.7 (29.6, 29.7) 25.2 (25.2, 25.2)
Difference 3.6 1.9

Simple Method By Age and Cohort

Decomposition of THCAL Difference
 Mortality effect 2.7 2.7
 Disability effect −0.8 −0.8
 Total effect 1.9 1.9

Notes: Simple Method refers to the cal cu la tions in Eq. (4b), and By Age and Cohort refers to the cal cu la-
tions in Eqs. (5) and (6). 95% con fi dence inter vals are shown in paren the ses.

Source: Authors’ cal cu la tions based on data from the Gateway to Global Aging Data (2022) and Human 
Mortality Database (2022).
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lations based on data from the Gateway to Global Aging Data (2022) and Human Mortality Database (2022).
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advan tage in cohort sur vival. After tak ing into account the health dimen sion in sur-
vi vor ship, the sex gap shrinks con sid er ably (from 3.6 years for TCAL to 1.9 years 
for THCAL). This is because the female advan tage in sur vival is partly com pen sated 
for by lower health lev els among women. Sex dif fer ences in mor tal ity con trib ute to 
the lower TCAL value for men (the mor tal ity effect is +2.7 years), but the impact of 
health con trib utes neg a tively to the over all THCAL dif fer ence between women and 
men (the health effect is −0.8 years). Both the mor tal ity and health effects sum to the 
total THCAL dif fer ence between women and men in the United States (1.9 years = 
−0.8 + 2.7).

The pro posed decom po si tion method allows one to quan tify the age- and cohort- 
spe cific con tri bu tions to the dif fer ence in THCAL. The left panel of Figure 3 shows 
the decom po si tion of TCAL. Cohort sur vival is con sis tently higher for women than 
for men at every sin gle age and for all  cohorts. Further, the fig ure depicts the cor re-
spond ing THCAL decom po si tion (right panel). Between age 50 and about 55, cohort 
sur vival in good health is higher for men. At older ages, how ever, the sex gap reverses 
with women show ing an advan tage in sur vival in good health. In other words, the 
female advan tage in sur vival is off set by their lower health lev els at youn ger ages, 
but not at older ages when the sex dif fer ences in health can not com pen sate for the 
dis ad van tage in cohort sur vival for U.S. men.

Finally, the 1.9 years of THCAL dif fer ence (see Table 1) is decomposed in terms of 
two com po nents, the health and mor tal ity effects (Figure 4). Naturally, the  mor tal ity 
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Fig. 3 Age- and cohort-specific contributions to the difference in TCAL and THCAL between women and 
men at age 50 or more in the United States, from 1980 to 2019. Positive values correspond to higher values 
for women (blue colors), while negative values correspond to higher values for men (red colors). Source: 
Authors’ calculations based on data from the Gateway to Global Aging Data (2022) and Human Mortality 
Database (2022).
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effect is sim i lar to the TCAL decom po si tion shown in Figure 3, cor re spond ing to 
a THCAL dif fer ence if the health com po nent were the same between females and 
males (2.7 years in Table 1). The health effect, how ever, high lights the impor tance of 
exam in ing health and mor tal ity from a cohort per spec tive. Even though sex dif fer-
ences in cross-sec tional prev a lence pro por tions have been narrowing over time (see 
Figure 2), the accu mu la tion pro cess still puts U.S. women at a large dis ad van tage in 
terms of their health tra jec tory (−0.8 years in Table 1).

Conclusion

We have intro duced a new decom po si tion method for the alter na tive health and mor-
tal ity sum mary THCAL. The tool builds upon the pre vi ously intro duced decom po-
si tion method by Nusselder and Looman (2004) but makes it pos si ble to iden tify 
age- and cohort-spe cific con tri bu tions. The advan tage of the THCAL approach lies in 
exam in ing health and mor tal ity from a cohort per spec tive, and for all  cohorts above 
age 50 pres ent at a given time. This enables research ers to take into account cohort 
effects, that is, backtracking to iden tify where today’s health dif fer ences are stem-
ming from. Additionally, the trun cated ver sion of HCAL is less demand ing in terms 
of data avail abil ity, which pro vi des the pos si bil ity to apply our HCAL decom po si tion 
to pop u la tions with only par tially avail  able health and mor tal ity data. ■
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Fig. 4 Age- and cohort-specific contributions, by mortality and disability effects, to the difference in 
THCAL between women and men at age 50 or more in the United States, from 1980 to 2019. Positive 
values correspond to higher values for women (blue colors), while negative values correspond to higher 
values for men (red colors). Source: Authors’ calculations based on data from the Gateway to Global Aging 
Data (2022) and Human Mortality Database (2022).
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