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Background. Demographic analyses may reveal current patterns of change in the outcomes of rapidly developing medi-
cal procedures because they incorporate the period perspective. Methods. \We analyzed the changes in size, age struc-
ture, and hospitalizations in the population of liver transplantation (LT) survivors in our center during the last 30y (n=1114
patients) and generated projections, including life expectancy (LE), considering cohort and period effects. Life tables were
used to project the complete LE (overall 1990-2020 experience), the cohort LE (according to the decade of surgery: 1990-
2000, 2000-2010, and 2010-2020), and the period LE (current 2015-2020 experience). Results. The population of LT
recipients in follow-up continued to experience progressive growth and aging since 1990 (492 patients [41.9% >65 y] in
2020), and the magnitude of these phenomena may double in the next 30 y. However, the number of admissions and days of
admission has been decreasing. The complete LE at LT was 12.4 y, whereas the period LE was 15.8 y. The cohort LE (limited
to 10 y) was 5.3, 6.3, and 7.3 y for the 1990-2000, 2000-2010, and 2010-2020 cohorts, respectively. Conclusions.
The target population of our medical care after LT is growing and aging. The prevalence of both of these phenomena is
expected to increase in the coming years and is associated with a current improvement in LE. However, the hospitalization
burden associated with LT survivors is declining. The period effect should be considered for generating up-to-date informa-

tion on these current trends, which are crucial when designing health policies for LT survivors.

(Transplantation Direct 2024;10: e1684; doi: 10.1097/TXD.0000000000001684.)

any factors that influence patient outcomes after liver
transplantation (LT), including immunosuppressive
regimens,! antiviral therapies,23 organ allocation policies,*
and surgical and organ procurement techniques,’ are rapidly
changing. Moreover, the baseline characteristics of LT candi-
dates have also markedly varied, especially concerning age,

cardiovascular risk, metabolic comorbidity, etc. Consequently,
the appropriate care after LT and the burden on health sys-
tems requirements may also undergo relevant changes, with
influencing trends or magnitudes that are difficult to antici-
pate without specific data analysis. Consideration of these
demographic trends, as well as the evolving variations in the
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hospital requirements generated by LT recipients, may be
important to maintain the current results and organization
of LT programs.

Demography is defined as the statistical study of the size
and structure of populations over space and time. One of the
advantages of this methodological approach is the incorpora-
tion of the calendar period as one of the timelines to be used
as a relevant source for data analysis. The traditional survival
analysis methods, mostly based on the classic Kaplan-Meier
test,&7 do not discriminate among different calendar times
and thus fail to accurately analyze data from patients who
have received LT recently or many years ago. Other temporal-
trend studies estimate survival from different historical
cohorts that have been followed for a determinate number
of years (eg, 5 or 10 y),310 according to the date of surgery.
This approach does not recapitulate the potential survival
influence of recent medical advances, which may differently
impact outcomes of the diverse cohorts defined according
to time since LT. In contrast, period analysis methodology
can provide more accurate survival estimates. This approach
incorporates the survival probabilities observed in current
generations obtained through left truncation of the follow-
up of contributing past cohorts.!" Although period analysis
has been widely validated in other rapidly developing fields,
such as cancer,!213 this methodology has been scarcely used in
the transplantation field.

Therefore, a demographic approach may account for the
cumulative changes in LT populations over calendar time, has
the possibility to identify current survival trends, and may
provide more accurate projections. Importantly, the goal of
a projection is not to make predictions about the probabil-
ity of future events but rather to reveal current patterns of
change. In this context, life expectancy (LE) is a projection
that allows the comparison among mortality of different pop-
ulations although they have a diverse composition. LE can
be calculated from data of complete cohorts generated and
followed-up until the present moment (complete analysis),
from historical cohorts with different follow-ups (cohort
analysis), or from the most recent left-truncated data (period
analysis).’* Using this methodology, it is possible to consider
age, cohort, and period effects, thus providing valuable and
updated data on recent trends in the size, age composition,
and survival of current LT populations.

Thus, the aims of our study were (1) to analyze the demo-
graphic and hospitalization trends of LT recipients in our
center after 30 y of program implementation; (2) to project
the size, age composition, and mortality experience (LE) of
this population; and (3) to explore the age, cohort, and period
effects on LE calculation.

PATIENTS AND METHODS

Patients

We included all patients who underwent LT in our center
(Hospital General Universitario Gregorio Maraiién, Madrid,
Spain) from the beginning of the program in 1990 to the
end of 2020 (n = 1114). Patients who received a second LT,
either urgent or elective, (121/1114; 10.86%) were included
in the population corresponding to the first transplant date.
Demographic and clinical characteristics were extracted from
a prospectively recorded local database in which follow-up
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information was updated every 6 mo. Hospital admissions
(including admissions corresponding to the LT procedure)
were retrospectively analyzed by reviewing individual medi-
cal records. Hospital admissions that occurred over 2 differ-
ent calendar years were considered 2 different admissions (1
corresponding to each year).

The protocol of our hospital includes at least 2 scheduled
visits per year during the first 3 y on an outpatient basis and 1
annual visit thereafter. Additional visits were performed when
needed by patients’ clinical needs.

For the purpose of demographic estimations, 1114 patients
entered the population at the time of the LT and left it when
they died or were lost to follow-up. Patients were considered
lost to follow-up when scheduled medical visits were missed
for >1 y (42/1114; 3.77%). In these cases, we considered
that they abandoned the population at the date of the last
available visit. Pediatric recipients transferred to our center
in adulthood (20 patients during the 30-y study period) were
not considered part of the study population.

Temporal Perspectives

The age that the patients would reach their anniversary was
considered as the patients’ age for the whole calendar year. To
explore cohort effects, the total sample was arbitrarily seg-
mented into 3 historical cohorts according to the date of sur-
gery (1990-1999, 2000-2009, and 2010-2020). To evaluate
period effects, we considered 5-y period, with the most recent
being between 2015 and 2020.

Statistics

Quantitative variables are expressed as the mean (SD).
Categorical variables are shown as proportions (percent-
ages). For the comparison of the baseline characteristics in
the 3 historical cohorts, Royston chi-square trend statistic for
proportions's and Cuzick test (an extension of the Wilcoxon
rank-sum test)!¢ for quantitative variables were used. Annual
rates were calculated according to the number of living
patients in the middle of the corresponding year.

To anticipate the future characteristics of the overall
cohort of patients under medical care in our center, we pro-
jected its size, the number of patients older than 65 y and the
LE, considering that the observed current trends remained
stable. The projections of the total population size and the
population older than 65 y were calculated by the mathe-
matical function (linear, exponential, or logarithmic), which
best fitted the observed data according to the least squares
method.

LE was obtained from the life tables with the observed risks
of death for each time window since LT (Tables S1-S7, SDC,
http://links.lww.com/TXD/A682). Depending on the chosen
timeline, we calculated different survival projections at the
time of LT, as previously described!2.14:

e Complete LE was defined as follows: projection based on
the mortality experience observed in the total sample from
1990 to 2020.

e Cohort LE was defined as follows: projection based on the
mortality experience observed for each historical cohort:
1990-1999, 2000-2009, and 2010-2020. To obtain com-
parable results, each cohort LE was limited to 10 y.
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e Period LE was defined as follows: projection based on the
mortality experience observed during the most recent cal-
endar period (2015-2020). This period analysis implies
the left truncation of the sample data, indicating that the
results observed before 2015 did not contribute to generat-
ing the reference mortality risks. Therefore, the sample was
constituted by the overlapping of the current survivors of
the successive cohorts.

The different data sources used to calculate survival projec-
tions are depicted in Figure 1. Figure S1 (SDC, http://links.
lww.com/TXD/A682) shows the different life tables used for
these analyses.

As chronological age by itself is a risk factor for dying, we
also calculated the following survival projections for each of
the previous temporal frames:

e LE at LT depending on the chronological age at the time of
surgery (younger than 40 y, 40-60 y, and older than 60 y).

e LE at different chronological ages (regardless of the age
that the patients had at LT). The LE for LT survivors was
compared with that observed in the general Spanish popu-
lation of the same chronological age (data from Instituto
Nacional de Estadistica of Spain).1”

Ethics
The study was approved by the Ethics Committee of

Hospital General Universitario Gregorio Maranén (dated
February 21, 2022).
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RESULTS

General Results

Table 1 summarizes the baseline characteristics of the over-
all cohort at the time of LT and the comparison among the 3
historical cohorts. As shown, the most recent cohorts showed
a significant trend to include older recipients and donors,
fewer patients with alcoholic disease, and more patients with
metabolic dysfunction—associated fatty liver disease, as well as
a relevant increase in patients diagnosed with hepatocellular
carcinoma.

Figure 2 shows the evolution of the total population under
follow-up, the transplant and mortality rates, the age of the
patients at the moment of LT and death, and the mean age
of survivors over calendar time. The transplant rate was sys-
tematically greater than the mortality rate, and consequently,
the population of LT recipients has been growing since the
beginning of the program (Figure 2A). Not surprisingly, the
mean age of the total population and the proportion of survi-
vors older than 65 y progressively increased (Figure 2B). The
population pyramids of the LT population at different time
points are shown in Figure 3. Overall, these results indicate
that the population of LT recipients in our unit is not sta-
bilized, progressively increasing the number of patients and
their age.

Trends in the number of hospital admissions and the num-
ber of days of hospitalization generated by the LT survivors
in each calendar year are summarized in Figure 4. The total
number of hospital admissions and the cumulative days of
admission tended to increase until 2013-2014 and constantly
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FIGURE 1. lllustration of the baseline and follow-up data to calculate life expectancy from the complete cohort (complete life expectancy),
the 3 historical cohorts (cohort life expectancy), and the most recent experience (period life expectancy). For the complete life expectancy, all
the LT recipients contribute to generating the mortality risk observed at different time intervals after LT, regardless of the date of the surgery and the
follow-up time. For the cohort life expectancy, only those patients who received LT at a specific previous period and who were followed-up during
a determinate time generated the mortality risk observed. To obtain comparable results, the life expectancy of each cohort was limited to 10 y.
For the period life expectancy, only the LT recipients who transit the most recent calendar period, regardless of the date of surgery, generate the
mortality risk observed at different time intervals since LT. LT, liver transplantation.
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Basal characteristic of the total cohort and trend comparison over the 3 historical cohorts

Total population (1990-2020) Cohort 1 (1990-1999) Cohort 2 (2000-2009) Cohort 3 (2010-2020)
N=1114 N =339 N=371 N =404 P
Ageat LT,y 51.33 47.91 51.88 53.69 <0.001
(10.52) (11.42) 9.52) (9.96)
Male 834/1114 242/339 283/371 309/404 0.120
(74.87) (71.39) (76.28) (76.49)
Donor age, y 51.07 51 61 <0.001
(19.45) (17) (18) (18)
Cause
Hepatitis C virus 42711114 118/339 163/371 146/404 0.815
(38.33) (34.81) (43.94) (36.14)
Alcohol 3311114 148/339 105/371 78/404 <0.001
(29.71) (43.66) (28.30) (19.31)
MAFLD 68/1114 9/339 7/371 52/404 <0.001
(6.10) (2.65) (1.89) (12.87)
Immune or cholestasic 86/1114 30/339 22/371 34/404 0.888
(7.72) (8.85) (5.93) (8.42)
HCC 348/1114 39/339 114/371 195/404 <0.001
(31.24) (11.50) (30.73) (48.27)
Acute liver failure 81/1114 33/339 21/371 27/404 0.129
(7.27) 9.73) (5.66) (6.68)
MELD score 16.95 18.45 17.26 15.21 <0.001
(7.57) (7.90) (6.55) (7.50)

Data are expressed as mean (SD) or proportion (%).

HCC, hepatocellular carcinoma; LT, liver transplantation; MAFLD, metabolic dysfunction-associated fatty liver disease; MELD, model for end-stage liver disease.

decreased thereafter. Considering that the total number of
patients under follow-up increased every calendar year, the
mean days of hospitalization per patient under follow-up
decreased progressively.

Projections of the Population Size and Their Age
Composition

The logarithmic function best fits the observed data (adjusted
R2=0.9966 and 0.9949 for the total number of survivors and
the survivors older than 635 vy, respectively). Figure 5 shows the
projections for the next 30 y if the observed trends for age and
population growth were maintained. As shown, the projection
of the total number of LT recipients under follow-up indicates
a continuous increase in the number of patients, approxi-
mately doubling the current population by 2050. Additionally,
the number of patients older than 65 y would continue to
increase, from 41.3% in 2020 to >80% in 2050.

Life Expectancy

Complete LE

Table 2 shows the overall LE and LE according to different
chronological age ranges at the time of LT. As shown, overall
and age-stratified LE projection improved 2 y after LT com-
pared with the projected LE at the moment of LT, indicat-
ing the impact of early mortality related to the procedure.
Interestingly, LE was greater for patients who received LT
before the age of 40 y, whereas the projection was similar for
recipients who underwent LT between 40-60 y and after 60
y of age.

The comparison between LE in LT survivors according to
their different chronological ages (regardless of the age at LT)
and LE for the general population of the same age is shown

in Table 3. As expected, the LE of LT recipients was reduced
in all age ranges.

Cohort LE

LE at the time of LT (limited to 10 y of follow-up) increased
over the successive historical cohorts, being 5.3, 6.3,and 7.3 y
for LT recipients who underwent surgery during 1990-1999,
2000-2009, and 2010-2020, respectively.

The limited sample size precluded the evaluation of the age
effect on the cohort LE (ie, age at transplantation and chrono-
logical age regardless of the age at surgery).

Period LE

Figure 6 shows LE corresponding to the observed mortality
risks during the last analyzed period (2015-2020, period LE)
in comparison with the complete LE (1990-2020). As shown,
LE improved in the most recent period. In contrast with the
complete LE, there was virtually no reduction in the period
LE at the time of LT compared with the projection obtained
2 y later. These changes are because of recent improvements
in early mortality. In fact, the percentages of patients who
died in the first year after LT were 30.1%, 32.7%, 19.2%,
13.2%, 13.1%, and 6.5% for the successive 5-y period (y2 for
trend=65.13; P trend<0.001; Figure S2, SDC, http://links.
lww.com/TXD/A682).

As in the case of cohort LE, the sample size was insufficient
to accurately estimate the age effect on period LE.

DISCUSSION

The use of demographic approaches to evaluate many
complex health problems has clearly increased in recent
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FIGURE 2. Evolution of the different demographic indicators
according to calendar year. A, LT rate, mortality rate, and total
population of survivors in follow-up in each calendar year. The LT
rate and the mortality rate are calculated by dividing the number
of new transplants or the number of patients who died during the
calendar year by the total population of survivors in follow-up at half
of the corresponding calendar year (expressed as total number/100
people and year, units in the right y-axis). The total population is
the total number of LT survivors under follow-up at the end of each
calendar year (units in the left y-axis). As the total number of patients
followed-up is progressively increasing since the beginning of the
program, the transplant and mortality rates are progressively lower. B,
Mean age at transplant, mean age at death, mean age of survivors,
and proportion of survivors older than 65 y in each calendar year. The
mean age at transplant and the mean age at death are calculated as
the mean age of all the patients who received a new transplant and
all the patients who died during the corresponding calendar year (right
y-axis), respectively. The mean age of survivors is calculated as the
mean age of all the LT survivors who are under follow-up during any
time along the corresponding calendar year (right y-axis). The age that
the patients would reach at their anniversary was considered as the
patients’ age for the whole calendar year. The proportion of patients
older than 65 vy is calculated by dividing the number of patients in
follow-up during the calendar year older than 65 y by the total number
of patients in follow-up at the end of the corresponding calendar year
(expressed as % in the left y-axis). LT, liver transplantation.

years. However, knowledge of demographic trends after
LT, a paradigm of medical complexity, is still scarce. Thus,
we aimed to evaluate some demographic aspects in a large
cohort of LT patients followed up in our unit within the last
30 y. Our study revealed several relevant demographic trends
in this population. First, we revealed that the LT popula-
tion is markedly dynamic, showing a progressive growth in
the total number of patients in follow-up with a sustained
increase in their age. Furthermore, the projections suggested
that both phenomena will continue to progress in the follow-
ing years. Finally, LE at LT progressively improved despite
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the increasing age of both recipients and donors. In fact,
LE had a continuous favorable trend along the 3 historical
cohorts (increasing approximately 10% in each of them), and
the survival projection based on the most recent mortality
risks (period LE) showed better results than the projection
based on the historical and outdated risks of the total cohort
(complete LE).

Another important piece of information is that despite
the increasing number of LT recipients, hospital admissions
in this population showed a marked downward trend, prob-
ably reflecting the improvement in outpatient facilities and the
overall health status of this population.

Our analysis offers novel insights that, to the best of our
knowledge, have not been previously reported. The main point
supporting this comment is that we have applied a methodol-
ogy based on demographic analyses, which significantly dif-
fer from classical survival analyses that do not consider the
period effect. Thus, we have incorporated the period effect
into survival estimates, highlighting the disparity with esti-
mates derived from complete cohorts. Moreover, our findings
suggest that, given the rapid changes in prognostic factors,
the results from traditional analyses in the field of LT may be,
at least partially, inaccurate and outdated. Our study offers
absolute results across various calendar years, as opposed to
other studies that emphasize relative changes between dif-
ferent groups of patients, which are commonly reported in
cohort studies. One of these absolute changes is the dynamics
of the global and real population of individuals living with
an LT throughout each calendar year (which is very differ-
ent from the demographic changes of patients receiving an LT
each calendar year).

Another relevant fact from our study is that LE at the time
of transplant in the recent period (period LE) is better than the
historical one (complete LE). This information is novel, highly
relevant, and not obvious. The main fact here is that, despite
the increasing age and comorbidity of donors and recipients,
the overall impact of the program (ie, the number of years of
life we expect to achieve with a transplant on average) con-
tinues to improve.

Our findings (greater number of patients in follow-up, bet-
ter health outcomes, and fewer hospital admissions) are similar
to those observed in other settings, such as cancer or cardio-
vascular diseases.’820 Overall, our results provide valuable
information for patients, clinicians, researchers, and policy-
makers. We suggest that some new models of assistance (more
closely interconnected with primary care or geriatrics and
with an enhanced nursing role) would help to address the
expected increase in the burden of disease generated for LT
Survivors.

It should be emphasized that demographic projections
do not aim to predict events but rather to offer representa-
tions of future phenomena, provided their conditioning fac-
tors remained stable. Therefore, projections are intrinsically
biased, considering their influencing factors are constantly
change.!* Thus, it is possible that the herein-reported data in
LE were excessively optimistic because of the impact of the
recent reduction in early mortality in modern cohorts and the
lower mortality risk in the survivors of the oldest cohorts,
who received LT when the comorbidity and age criteria were
stricter and donors were younger. Moreover, it could be
argued that these favorable long-term probabilities would not
be reproduced in the most recent, oldest recipients with more
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squares estimations (adjust R2=0.9966 and 0.9949 for total survivors
and for survivors older than 65 vy, respectively).

comorbidities. Consequently, the progressive improvement in
LE would decrease, and therefore, a slowdown in the growth
and aging of our LT populations would occur. In contrast,
our data suggest that these trends (longer LE, larger and older
populations) may continue or even increase in the upcoming
years. These findings are not surprising; first, they would be
concordant with changes experienced by the general popula-
tion.21:22 Moreover, the mortality of LT patients is increasingly
conditioned by nonhepatic complications,? which are pro-
gressively better diagnosed and treated; finally, it is conceiv-
able that the expected improvement in the overall process of
LT can also positively affect LE.

Considering that the age criteria for transplant eligibility
have become more flexible in recent years, there is increas-
ing concern regarding LT outcomes in older patients.2425 It is
generally accepted that age at LT, considered an isolated fac-
tor, does not impact early mortality.26 However, the majority
of studies have shown that 5-y survival in patients older than
65-70 y shows a 10% to 20% decrease.?”?? In our study, the
complete sample projection showed that recipients younger
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than 40 y who underwent LT presented higher survival expec-
tancy than those patients older than 40 y. Unfortunately,
because of the limited sample size, we could not explore
whether there was a trend in LE improvements according to
the different age ranges at LT in the cohort and period analy-
sis. Despite this, and based on our results, increased age at LT
does not seem to reduce the overall results of the LT program,
as the most recent LE is improving, although the mean age at
surgery is progressively higher.

Our study also clearly shows that the increase in survival
expectancy and older age at the time of LT lead to progressive
aging of the population of LT survivors. This fact is extremely
important considering that age is a well-known risk factor for
most of the expected complications after LT.2¢ Therefore, to
mitigate the impact of aging on overall long-term survival, the
specific management of immunosuppressive regimens and the
prevention of malignancy and cardiovascular and metabolic
bone diseases should be intensified in the future.

A common method to study temporal trends after LT is to
include the transplantation cohort as a covariate. However, the
period analyses, which represent the current mortality experi-
ence observed in the different time intervals since the surgery,
could provide a more reliable approach. In fact, period analy-
sis simultaneously summarizes the most recent advances in
the treatment of recently transplanted patients (eg, the devel-
opment of preservation techniques or organ selection) and of
those recipients who underwent surgery years ago (such as
the optimization of immunosuppression strategies or the pre-
vention of cardiovascular risk factors). Thus, period analysis
(represented by the period LE in our study) provides survival
information closer to the global technical and scientific states
of the art at each time point. There are several studies, mainly
involving cancer populations!230-32 but also some with solid
organ recipients,*- that empirically corroborate these data.

Our study offers other relevant results. According to our
data, the LE of LT recipients is systematically lower than that
observed in the general population of the same chronological
age (even at 70 or 80 y). This observation is in agreement with
what has been reported in other studies.® This finding is prob-
ably associated with the fact that patients with advanced liver
disease are a selected population with relevant nonhepatic
comorbidities and with the deleterious cumulative effects of
chronic immunosuppression that persist even at advanced
ages. Reducing this “survival gap” between LT recipients and

Life expectancy at liver transplantation and thereafter, globally and according to the chronological age at surgery

Years since LT Global Age atLT <40y Age at LT 40-60 y Age atLT >60y
AtLT 124 16.3 1.9 1.1
2 13.9 18.0 134 12.1
4 13.2 17.4 12.7 15
6 12.4 15.9 11.8 109
8 1.4 15.0 10.7 9.9
10 10.3 13.6 9.7 8.7
12 8.9 12.1 8.2 7.9
14 7.6 10.5 7.0 6.4
16 6.6 9.6 5.9 55
18 5.3 8.3 4.6 43
20 3.7 6.5 2.9 3

These projections correspond to the complete life expectancy (survival experience of the total cohort 1990-2020).

LT, liver transplantation.
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Comparison of life expectancy of liver transplant patients
and the general population according to their chronologi-
cal age (regardless of the age at surgery of liver transplant
patients)

Life expectancy, y

Age,y Liver transplant recipients General population
17-25 49.3 63.5
25-30 415 57.0
30-35 36.7 516
35-40 32.0 46.7
40-45 27.6 42.4
45-50 23.4 376
50-55 19.9 32.9
55-60 16.6 28.0
60-65 139 241
65-70 1.8 199
70-75 8.8 16.0
75-80 5.9 12.2
>80 2.1 5.4

The projections about liver transplant recipients correspond to the complete life expectancy
(survival experience of the total cohort 1990-2020). Data of life expectancy for the general
population from INE (Instituto Nacional de Estadistica) available at https://www.ine.es/dyngs/
INEbase/es/operacion.htm?c=Estadistica_C&cid=1254736177004&menu=ultiDatos&
idp=1254735573002.

Life expectancy (years)
0246 81012141618

T T I
0 2 4 6 8 10 12 14 16 18 20
Years since LT

—o— Period life expectancy (2015-2020)
—e—- Complete life expectancy (1990-2020)

FIGURE 6. Comparison of life expectancy of LT patients at surgery
and thereafter, calculated from the total cohort (1990-2020, complete
life expectancy) and from the most recent experience (2015-2020,
period life expectancy). The survival projection improved in the period
analysis (mortality experience observed in the recent period 2015-
2020) compared with the projection with the total sample (1990-2020).
In the period analysis, life expectancy at LT and after 2 y was virtually
the same, in contrast with the lower life expectancy at the moment
of surgery than after 2 y in the complete analysis. This is because
of recent improvements in early mortality. Both projections become
progressively equal after 15y of surgery because the mortality risks on
which they are based come from virtually the same individual patients
at later time periods (see Figure S1, SDC, http://links.lww.com/TXD/
AB82). LT, liver transplantation.

the general population is a formidable research challenge for
transplant medicine.

Finally, it is important to highlight the recent decrease in the
hospital burden associated with the LT population observed
in our study. Although there are studies that explore hospi-
talization trends in patients with other digestive and liver dis-
eases!?353¢ or hepatocellular carcinoma,’” there are no data

www.transplantationdirect.com

about the temporal changes in LT recipients. There are several
possible explanations for this finding. First, there was a sub-
stantial progression in the experience of the LT team. Second,
the development of direct-acting antivirals for hepatitis C
treatment has probably contributed to a lower incidence of
complications requiring hospitalization. Finally, the progres-
sive development of outpatient management is also a major
contributor. As previously mentioned, our data are parallel
to the trending healthcare policies in other common diseases
affecting the nontransplant population.38:3?

Our study has several limitations. First, our results are
based on a single center and, thus, a single country. Therefore,
it can be argued that the population trends in other LT pro-
grams may be different. However, our LT program is one
of the oldest; thus, our data were indicative of the different
changes that occurred in the LT field, and we included a rep-
resentative number of patients.*0 Moreover, patient manage-
ment has followed the general recommendations issued by
international societies.*143 Therefore, our general conclusions
are expected to be mostly valid for other LT populations.
Second, regarding hospitalization data, it is possible that
some admissions were missed if the patients had been admit-
ted to other centers. However, the current policy in Spain
implies that LT recipients are usually referred to the trans-
plant center, regardless of the cause of admission. Therefore,
the number of undocumented admissions is probably not
significant. Importantly, it is possible that the different poli-
cies of each health system regarding hospital admission could
modify the current estimations, especially considering that
other transplant centers that accumulate long-term survivors
will devolve care to district hospitals. Finally, the limited
sample size precluded the exploration of the effect of age at
LT on the cohort and period LE projections. Nevertheless, the
results of this single-center proof-of-concept study warrant
a demographic analysis in more comprehensive transplant
populations (ie, at a national level), which could overcome
some of these limitations.

In conclusion, the improvement of LE after LT was
observed in recent years, and its consequent increase in the
number of LT survivors implies significant growth and aging
of the LT population. Moreover, these 2 demographic pro-
cesses are expected to continue to increase in the coming
years. However, healthcare for this population tends to be
less dependent on hospital admissions. Our results suggest
that the use of a demographic approach, including the period
perspective, may improve the evaluation of the healthcare
requirements of LT programs.
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