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Abstract

The extent to which physical activity (PA) may offset the risks associated with sedentarism is not yet well under-
stood. We evaluated the independent and the combined effects of PA and sitting time (ST) on all-cause mortality
in the Spanish population. Prospective study with 31 100 participants aged 18-69 years from the 2011-2012 and
2017 National Health Surveys; data were linked to mortality records through December 2022. ST was categorized
as <4h/day, >4-6h/day, and >6h/day, and PA was assessed using the International Physical Activity
Questionnaire. PA was classified as (i) low, moderate, or high and (ii) adherence to World Health Organization
(WHO) recommendations. Relative risks (RR) were estimated using Poisson regression models. The median follow-
up time was 5.7 years, recording 1128 deaths. Individuals with ST >6 h/day had an RR (95% confidence interval) of
1.60 (1.34; 1.92) compared to those with ST <4 h/day. In contrast, those with high vs. low PA had an RR of 0.63
(0.51; 0.79), and those meeting WHO recommendations had an RR of 0.60 (0.50; 0.73). When analyzed jointly,
individuals who met recommendations and had low ST, compared to those with moderate and high ST, had
estimated RRs of 1.17 (0.75; 1.85) and 1.30 (0.83; 2.05), respectively. Among those who did not meet recommen-
dations, the RR increased to 1.51 (1.19; 1.92), 2.06 (1.59; 2.68), and 2.65 (2.06; 3.42) for low, moderate, and high
ST, respectively. PA and ST are independently associated with mortality. The risk associated with sedentarism can
be partially offset by being physically active.

Introduction

Sedentarism is defined as any waking behavior during which the
energy expenditure is <1.5 metabolic equivalents (METs), while
sitting, lying down, or reclining [1]. It is a major modifiable risk factor
for the development of non-communicable diseases and premature
mortality [2-4]. In fact, sedentary behavior is closely linked to cardio-
vascular and metabolic diseases, cancer, chronic respiratory diseases,
musculoskeletal disorders, as well as mental health disorders [2-10].

Further, sedentary behavior has a significant economic impact on
healthcare systems, consuming up to 4.6% of national healthcare
costs [11]. Not only is prolonged sitting time (ST) associated with
an increased risk of mortality [12-15] but there is also evidence of a
dose-response relationship between the hours spent sitting and the
rise in mortality risk [14, 16-19]. This key information should in-
form guidelines, since current recommendations only advise reduc-
ing sedentary time, but fail to specify a limit. According to the 2020
European Health Survey, 36.4% of adults (aged > 15 years) in Spain
were classified as sedentary during their leisure time [20].

Physical inactivity, defined as insufficient physical activity (PA) to
meet recommended levels by the World Health Organization
(WHO) [1], is directly associated with cardiovascular- and cancer-
related deaths, and with all-cause mortality, accounting for 6%-10%
of premature deaths worldwide [2-6, 12, 13, 21-24]. The prevalence
of physical inactivity is notably high, with 31.3% of the global

population being physically inactive in 2022, a significant increase
from 23.4% in 2000 [25]. In Spain, the prevalence was 21.8% in
2022, although a downward trend was observed [25].

In recent years, the combined study of ST and PA has gained
increasing attention in the scientific literature. Researchers have
been exploring whether engaging in PA can counteract, or at least
mitigate, the harmful effects of prolonged sitting on disease burden
and mortality [12, 16, 17, 26-31].

Objective
The aim of this study was to evaluate the independent and combined

effects of PA and ST on all-cause mortality risk in a representative
sample of the adult population residing in Spain.

Methods

Study design and population

This is a prospective longitudinal study based on data from the 2011
to 2012 [32] and 2017 [33] Spanish National Health Surveys (ENSE
for its acronym in Spanish). The surveys’ samples are representative
of the population living in Spain.

In the 2011-2012 survey, the overall response rate (the number of
interviews completed relative to the total number of eligible
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households) was 66.5%, with 21007 subjects participating in the
original sample. For the 2017 survey, the response rate was 69.9%,
with a sample size of 23089 participants. For this study, individuals
aged 18-69 were selected from the initial sample. Participants under
18 years were excluded because WHO’s PA recommendations differ
for this age group [34]. Individuals aged >70years were also
excluded, as the PA questionnaire used in the survey has not been
validated for older adults.

Study variables
Mortality

All-cause mortality data (2011 through December 31, 2022) from
the mortality registry of the Spanish National Institute of Statistics
were linked to individual participants using their national identifi-
cation numbers.

Total physical activity

Total physical activity (Total PA) was measured using the short-
form International Physical Activity Questionnaire (IPAQ)
[35, 36]. The IPAQ consists of seven items that assess the frequency
(days/week), duration (minutes/day), and intensity (light, moderate,
or vigorous) of overall PA (work, transportation, household, and
leisure activities) performed in the past 7 days for at least 10 con-
secutive minutes. Weekly activity was recorded in metabolic equiva-
lent minutes per week (MET-min/week), calculated by multiplying
the reference MET values for light (3.3 MET), moderate (4 MET),
and vigorous (8 MET) activity by minutes per day and by days per
week the activity was performed.

Based on frequency, duration, and intensity, total PA levels were
classified into three categories: Low, moderate, and high [37]. High
PA was defined as performing any combination of activities that
resulted in a minimum of 3000 MET-min/week or engaging in vig-
orous activities for at least 3 days/week, totaling 1500 MET-min/
week. Moderate PA was defined as performing vigorous activity
for at least 20 min on 3 or more days/week, moderate activity or
walking daily for at least 30 min on 5 or more days/week, or any
activity that achieved at least 600 MET-min/week on 5 or more days.
Low PA was defined as engaging in either no PA or insufficient
activity to meet the criteria for either of the two previous categories.

Sitting time
ST was measured using the short-form IPAQ, assessing the time (in
minutes) spent sitting on a typical day during the past 7days.

Participants were grouped into three categories: low (<4h/day),
medium (>4-6h/day), and high (>6h/day) [17].

Adherence to WHO PA recommendations

Participants were categorized into two groups based on whether
they met WHO PA recommendations for adults, which consist of
performing at least 150 min of moderate-intensity aerobic activity
per week, 75min of vigorous-intensity activity per week, or an
equivalent combination of both [34].

Combined total PA and ST variable

The sample was classified into nine categories by combining the
three total PA levels (low, moderate, and high) with the three ST
categories (low, medium, and high).

Combined adherence to WHO PA recommendations
and ST variable
The sample was also categorized into six groups by combining the

three ST categories with the two groups based on adherence to
WHO PA recommendations.

Covariables
Sociodemographic variables

Sex (man, woman), age (continuous variable), country of birth (Spain,
other country), marital status (single, married, widowed, separated, or
divorced), educational level (primary education [6-12 years] or lower,
lower secondary education [12-16 years], upper secondary education
[16-18 years], and university education [>18 years]).

Lifestyle factors

Smoking status (never smoker, former smoker, current smoker (<15
cigarettes/day), current smoker (>15 cigarettes/day)). Alcohol con-
sumption based on frequency and amount of intake of six types of
alcoholic beverages (abstainer (never drank or only tasted alcohol a
few times in their lifetime), former drinker (used to drink but no
intake in the past 12 months), occasional infrequent drinker (con-
sumes alcohol <1 time/month), occasional frequent drinker (con-
sumes alcohol <1 time/week but at least once a month), regular
drinker >1 time/week (>0-10, >10-2, >20-40, >40g/day)).
Binge Drinking (consuming 5 or more standard drinks [10 g of
alcohol per drink] in women or six or more drinks in men in a
single occasion (typically over a 4-6 h period) within the last 30 days
[38] (yes/no)). Adherence to the Mediterranean diet was assessed
using an adapted version of the Mediterranean Diet Adherence
Screener (MEDAS) index. The score ranges from 0 (lowest quality)
to 10 (highest quality).

Health status

Body Mass Index (BMI) (categories based on self-reported weight and
height: underweight (<18.5kg/m?), normal weight (18.5-24.9 kg/m?),
overweight (25-29.9 kg/mz), obesity (=30 kg/mz), no answer); self-
perceived health status in the past 12 months (very good, good, fair,
poor, and very poor); limitations in daily activities due to health prob-
lems over the past 6 months (severely limited, limited but not severely,
not limited).

Statistical analysis

PA and ST associations with mortality, both independently and
combined, were evaluated using Poisson regression models.
Models were adjusted for the sociodemographic, lifestyle, and health
status variables described earlier, while accounting for follow-up
time. Mortality rates standardized by the average sample character-
istics per 1000 person-years (SMR), standardized mortality rate dif-
ferences (SMD), and relative risks (RR) with their respective 95%
confidence intervals (CI) were estimated. To examine the independ-
ent association of PA, the models were further adjusted for ST and,
in turn, ST analysis included models adjusted for PA (categorized as
low, moderate, and high).

Dose-response relationships between ST and PA (total MET)
with mortality risk were explored using restricted cubic splines for
ST and for the total MET-min/week with knots placed at the 25th,
50th, and 75th percentiles of their respective distributions.

We performed sensitivity analysis by running the same models
excluding individuals with very poor self-perceived health and those
with severe limitations in daily activities, as well as excluding the
first year of follow-up data.

All estimates were weighted using sampling weights to ensure
proportionality based on the sociodemographic characteristics of
the Spanish population. All analyses were performed with Stata ver-
sion 18 (StataCorp, College Station, TX, USA), using the Survey
Data module to account for the complex survey design.

Results

Out of a total of 33 368 participants aged 18-69, a final sample of
31 100 individuals was analyzed after excluding observations with
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missing data for any variables included in the study. The median
follow-up time for the cohort was 5.7 years, during which a total of
1128 deaths occurred. Table 1 and Supplementary Table S1 describe
the characteristics of the sample based on ST and PA levels.

Independent association of sitting time and physical
activity with mortality

Using ST <4 h as the reference group, individuals with ST between 4
and 6 h had a RR of mortality of 1.31 (1.09; 1.57), increasing to 1.60
(1.34; 1.92) for those with ST >6h. A progressive increase in the
absolute risk of mortality was observed as ST increased, with an
additional 1.86 deaths per 1000 person-years estimated for individ-
uals with high ST compared to those with low ST (Table 2).
Regarding total PA, using the original IPAQ classification and
individuals with low PA as reference, individuals with moderate PA
had a reduced mortality RR of 0.75 (0.64; 0.88), whereas those with
high PA had an RR of 0.63 (0.51; 0.79). The absolute difference in
mortality was —1.14 deaths per 1000 person-years for individuals with
moderate PA and —1.67 for those in the high PA group (Table 2).
Participants who met WHO PA recommendations showed a mor-
tality RR of 0.60 (0.50; 0.73) compared to those who did not, with an
absolute difference of —1.63 deaths per 1000 person-years (Table 2).

A non-linear dose-response relationship between ST, total PA,
and mortality was observed. Figure 1 shows a gradual increase in
mortality risk as ST increases, with a slight risk increase at lower ST
levels and a sharper increase at moderate and high ST, with an
inflection point around ST = 4-5h. In terms of total PA (MET-
min/week), Fig. 1 shows a rapid decline in mortality risk at low PA
levels, with the association stabilizing after reaching 1500 MET-min/
week and plateauing around 3000 MET-min/week.

For the statistical analysis, ST was adjusted for total PA, and the
indicators of PA were adjusted for ST.

Combined association of sitting time and physical
activity with mortality

When examining the combined categories of total PA (based on
IPAQ classification) and ST (Table 3) and using the most active
individuals (high PA and low ST) as the reference group, we
observed an increased mortality risk for all other categories. For
individuals with low ST, mortality RR increased to 1.19 (0.91;
1.55) when PA decreased to moderate levels, and to 1.47 (1.10;
1.95) when PA was low. Mortality was nearly three times higher
in the least active group (low PA and high ST), with an estimated
RR of 2.69 (2.05; 3.53). However, the mortality risk associated with

Table 1. Sample characteristics according to time spent sitting per day

Time sitting/day

Total <4h >4-6h >6h
N (%) 31 100 17 791 (57.2) 6442 (20.7) 6867 (22.0)
Sex, n (%)
Men 14 939 (4.0) 8057 (45.2) 3247 (50.4) 3635 (52.9)
Women 16 161 (5.9) 9734 (54.7) 3195 (49.6) 3232 (47.0)
Age, mean (SD) 46.04 (13.4) 46.73 (12.9) 46.91 (14.1) 43.41 (13.6)
Country of birth, n (%)
Spain 27 665 (88.9) 15 489 (87.0) 5786 (89.8) 6390 (93.0)
Another country 3435 (11.0) 2302 (12.9) 656 (10.1) 477 (6.9)
Marital status, n (%)
Single 9329 (30.0) 4672 (26.2) 2034 (31.5) 2623 (38.2)
Married 17 865 (57.4) 10 829 (60.8) 3536 (54.8) 3500 (50.9)
Widowed 1285 (4.1) 776 (4.3) 307 (4.7) 202 (2.9)
Separated or divorced 2621 (8.4) 1514 (8.5) 565 (8.7) 542 (7.8)
Educational level, n (%)
University 6351 (20.4) 2545 (14.3) 1434 (22.2) 2372 (34.5)
Secondary 2nd stage 10 115 (32.5) 5649 (31.7) 2058 (31.9) 2408 (35.0)
Secondary 1st stage 9220 (29.6) 6124 (34.4) 1777 (27.5) 1319 (19.2)
Primary or less 5414 (17.4) 3473 (19.5) 1173 (18.2) 768 (11.1)
Tobacco consumption, n (%)
Non-smoker 14 404 (46.3) 8272 (46.5) 2938 (45.6) 3194 (46.5)
Previous smoker 7332 (23.5) 4040 (22.7) 1566 (24.3) 1726 (25.1)
Smoker <15 cigarettes/day 5794 (18.6) 3388 (19.0) 1189 (18.4) 1217 (17.7)
Smoker >15 cigarettes/day 3570 (11.4) 2091 (11.7) 749 (11.6) 730 (10.6)
Alcohol consumption n (%)
Never drinkers 5306 (17.0) 3377 (18.9) 1025 (15.9) 904 (13.1)
Previous drinkers 3814 (12.2) 2243 (12.6) 803 (12.4) 768 (11.1)
Occasional/infrequent drinkers 5975 (19.2) 3503 (19.6) 1190 (18.4) 1282 (18.6)
Occasional/frequent drinkers frecuentes 3345 (10.7) 1834 (10.3) 692 (10.7) 819 (11.9)
Drinkers >0-10 g/day 7116 (22.8) 3851 (21.6) 1496 (23.2) 1769 (25.7)
Drinkers 11-20 g/day 3550 (11.4) 1884 (10.5) 804 (12.4) 862 (12.5)
Drinkers >20-40 g/day 1613 (5.1) 897 (5.0) 336 (5.2) 380 (5.5)
Drinkers >40 g/day 381 (1.2) 202 (1.1) 96 (1.4) 83 (1.2)
Binge drinking, n (%)
No 28 895 (92.9) 16 740 (94.0) 5926 (91.9) 6229 (90.7)
Yes 2205 (7.0) 1051 (5.9) 516 (8.0) 638 (9.2)
Body Mass Index, n (%)
Underweight 604 (1.9) 310 (1.7) 120 (1.8) 174 (2.5)
Normal weight 13 422 (43.1) 7643 (42.9) 2690 (41.7) 3089 (44.9)
Overweight 10 970 (35.2) 6400 (35.9) 2282 (35.4) 2288 (33.3)
Obesity 5006 (16.1) 2748 (15.4) 1135 (17.6) 1123 (16.3)
Not available 1098 (3.5) 690 (3.8) 215 (3.3) 193 (2.8)
Adherence to Mediterranean diet®, mean (SD) 4.81 (1.9) 4.84 (1.9) 4.79 (1.9) 4.75 (1.9)

a: Score 0-10 (0 worst diet, 10 best diet). Unweighted N, % and weighted means.
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Table 2. Independent association of sitting time and physical activity with all-cause mortality

Deceased/total SMR?® (95% Cl) SMD? (95% CI) RR? (95% Cl)
Sitting time (h/day)
<4h 534/17 791 3.08 (2.75; 3.41) Ref. Ref.
>4-6h 285/6442 4.04 (3.46; 4.62) 0.95 (0.27; 1.63) 1.31 (1.09; 1.57)
>6h 309/6867 4.95 (4.27; 5.63) 1.86 (1.09; 2.63) 1.60 (1.34; 1.92)
Physical activity (IPAQ categories)
Low 488/10 219 4.58 (4.08; 5.07) Ref. Ref.
Moderate 443/12 745 3.43 (3.04; 3.82) -1.14 (-1.77; -0.51) 0.75 (0.64; 0.88)
High 197/8136 2.90 (2.39; 3.41) -1.67 (-2.41; -0.93) 0.63 (0.51; 0.79)
Physical activity (WHO recommendations)
No 950/20 995 4.11 (3.80; 4.43) Ref. Ref.
Yes 178/10 105 2.48 (2.05; 2.91) -1.63 (-2.17; -1.09) 0.60 (0.50; 0.73)

a: Estimated using Poisson regression models adjusted for sex, age, country of birth, marital status, educational level, tobacco consump-
tion, alcohol consumption, binge drinking, adherence to Mediterranean diet, and body mass index. Sitting time is adjusted for physical
activity, and the indicators of physical activity are adjusted for sitting time. Ref, reference category. SMR, standardized mortality rate
per 1000 person-years. SMD, standardized mortality rate differences per 1000 person-years. RR, relative risk.
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Figure 1. Dose-response relationship between sitting time (min/
day), physical activity (MET-min/week), and all-cause mortality.
Dose-response curves estimating relative risk (RR) with Poisson
regression and restricted cubic splines adjusting for sex, age, edu-
cational level, marital status, tobacco consumption, alcohol con-
sumption, adherence to the Mediterranean diet, body mass index,
using nodes at percentiles 25, 50, and 75 of the distribution.
Physical activity (MET min-week) is adjusted for sitting time, and
sitting time (min/day) is adjusted for physical activity.

high ST was notably attenuated with moderate PA (RR: 1.60; 1.15;
2.22) and high PA (RR: 1.38; 0.82; 2.32). Again, compared to the
most active group, the least active individuals had an excess stand-
ardized mortality rate of 4.17 deaths per 1000 person-years.

Lastly, in the combined analysis of ST and adherence to WHO
PA recommendations (Table 3), compared to the reference
category (meeting recommendations and low ST), mortality risk

progressively increased across all categories as ST rose and adher-
ence to WHO guidelines failed. Similarly, as above, the highest mor-
tality risk was observed in the least active group, those reporting
high ST and non-adherence to WHO recommendations (RR: 2.65;
2.06; 3.42). However, again, the risk related to high ST was mitigated
in the group adhering to the WHO recommendations (RR: 1.30;
0.83; 2.05). Additionally, within the same low ST level, mortality
risk increased among the non-adherent to WHO recommendations
(RR: 1.51; 1.19; 1.92). Compared to the most active individuals,
those who both failed to meet WHO recommendations and reported
high ST had an excess standardized mortality rate of 3.60 deaths per
1000 person-years.

Sensitivity analysis

A sensitivity analysis was conducted by excluding participants with
very poor self-perceived health and those with severe functional
limitations (Supplementary Tables S2-S4). Whereas the direction
of the associations remained consistent, there was a moderate re-
duction in the magnitude of the associations. In a separate analysis,
we also excluded the first year of follow-up data. Results were similar
to those observed in the overall analysis (Supplementary Tables
$5-57).

Discussion

Our main findings indicate that the risk of mortality increases pro-
gressively as ST increases and the same risk decreases at higher PA
levels. PA exposures were associated with a lower mortality risk, and
the results are consistent with the idea that PA plays as a protective
factor, both independently and in combination with ST, mitigating
the mortality risk associated with prolonged sitting.

Sitting time

We estimated an increase in mortality of 31% with an ST of >4-6h/
day, and this risk practically doubled to 60% when ST exceeded 6 h.
These findings support previous research using the same reference
category of ST <4h [13, 26, 28], which also shows a direct associ-
ation between mortality risk and sedentarism.

Two meta-analyses [14, 39] concluded that for each additional
hour of ST, all-cause mortality risk increases by 1%-4%. However,
whereas Zhao et al. [39] showed a fairly linear dose-response rela-
tionship, showing a gradual increase in all-cause mortality risk,
Patterson et al. [14] describe a more nuanced pattern. Their findings
show a gradual increase in risk up to 6h of sedentary behavior,
followed by an inflection point between 6 and 7h, after which the
risk increases more sharply. Our study’s results support Patterson’s
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Table 3. Combined association of physical activity?, adherence to WHO physical activity recommendations and sitting time per day, with

all-cause mortality

SMR® (95% Cl)

SMD® (95% Cl)

RR (95% CI)

Deceased/total
High physical activity®
Sitting time <4h 137/5459
Sitting time >4-6h 39/1461
Sitting time >6h 21/1216
Moderate physical activity®
Sitting time <4h 234/7356
Sitting time >4-6h 123/2775
Sitting time >6h 86/2614
Low physical activity®
Sitting time <4h 163/4976
Sitting time >4-6h 123/2206
Sitting time >6h 202/3037
WHO recommendations met
Sitting time <4h 117/6117
Sitting time >4-6h 30/1929
Sitting time >6 h 31/2059
WHO recommendations unmet
Sitting time <4h 417/11 674
Sitting time >4-6h 255/4513
Sitting time >6h 278/4808

2.46 (1.95; 2.98)
3.17 (2.01; 4.33)
3.40 (1.75; 5.05)

2.93 (2.44; 3.42)
4.01 (3.15; 4.87)
3.94 (2.96; 4.93)

3.61(2.94; 4.29)
4.63 (3.64; 5.62)
6.64 (5.53; 7.74)

2.18 (1.72; 2.64)
2.55 (1.51; 3.58)
2.83 (1.67; 4.00)

3.29 (2.89; 3.69)
4.50 (3.82; 5.18)
5.78 (4.97; 6.60)

Ref.
0.70 (-0.54; 1.96)
0.93 (-0.77; 2.64)

0.46 (-0.24; 1.17)
1.54 (0.53; 2.55)
1.48 (0.35; 2.60)

1.15 (0.28; 2.01)
2.16 (1.03; 3.29)
4.17 (2.93; 5.40)

Ref.
0.36 (-0.77; 1.50)
0.65 (-0.57; 1.88)

1.10 (0.51; 1.70)
2.31(1.48; 3.15)
3.60 (2.66; 4.54)

Ref.
1.29 (0.85; 1.95)
1.38 (0.82; 2.32)

1.19 (0.91; 1.55)
1.63 (1.20; 2.20)
1.60 (1.15; 2.22)

1.47 (1.10; 1.95)
1.88 (1.39; 2.54)
2.69 (2.05; 3.53)

Ref.
1.17 (0.74; 1.85)
1.30 (0.83; 2.05)

1.51 (1.19; 1.92)
2.06 (1.59; 2.68)
2.65 (2.06; 3.42)

a: According to IPAQ categories.

b: Estimated using Poisson regression models adjusted for sex, age, country of birth, marital status, educational level, tobacco consump-
tion, alcohol consumption, binge drinking, adherence to Mediterranean diet, and body mass index. Ref, reference category; SMR,
standardized mortality rate per 1000 person-years; SMD, standardized mortality rate differences per 1000 person-years; RR, relative risk.

findings, only with the inflection point in our data occurring earlier,
right between 4 and 5h of ST.

The latest edition of the WHO’s Physical Activity Guidelines [34]
already recommends minimizing ST. However, specific time limits
are not provided due to a lack of consensus within the scientific
community. This uncertainty is partly due to differences in methods
of measuring PA, such as self-reported questionnaires and acceler-
ometers. While both methods yield similar patterns of association
between ST and health outcomes, their absolute values often differ
considerably, creating challenges in establishing precise quantitative
recommendations. Further evidence on the dose-response relation-
ship is needed to address these differences and provide clearer
guidelines.

Physical activity

Our study provides clear evidence of total PA’s benefits: a 25% re-
duction in all-cause mortality risk for those engaging in moderate
PA, a 37% reduction for those in the high PA category, and up to
40% reduction for those meeting WHO recommendations. Other
studies using the IPAQ questionnaire report mortality reductions
ranging from 5% to 30% for moderate PA, 27%-37% for high PA,
and about 28% for meeting WHO recommendations [6, 26, 28].
Studies using other PA assessment tools also estimated a reduction
in mortality risk between 26% and 31% for those meeting WHO
recommendations [21, 40].

The non-linear dose-response relationship reported here is con-
sistent with previous research reporting a rapid reduction in mor-
tality risk with low-to-moderate energy expenditure, gradually
plateauing at higher levels of activity [6, 21, 40].

Combination of sitting time and physical activity

We observed that individuals with high ST and low PA, or those not
meeting WHO recommendations, had nearly three times the mor-
tality risk compared to the most active individuals. Although, this
sedentarism-related risk was mitigated at higher PA levels. Other
studies examining similar combinations (though using different
measurement tools and PA and ST groupings) also estimated the
highest mortality rates among those with the highest ST and lowest
PA. These studies reported relative risks between 1.33 and 2.92 times

higher compared to the most active reference groups [12, 17, 26-28,
30, 31]. Additionally, high ST-related risk decreased in individuals
with higher PA levels, with reductions in mortality risk ranging from
46% to 16% [12], 27% to 4% [17], 67% to 33% [26], 138% to 14%
[28], or from 74% to 34% [31]. Similarly, meeting WHO PA guide-
lines significantly reduced the hazard ratio from 2.92 to 0.88 [27]
compared to those who did not adhere to the recommendations.

However, this mortality risk associated with ST was of a smaller
magnitude in the moderate and high PA categories. These findings are
consistent with past research reporting significant mortality differences
across ST levels in low PA individuals, but not in high PA groups [12,
17, 26-29, 31]. Even though the differences in risk across these cate-
gories were not statistically significant, there is still a potential benefit
in reducing sedentary time for individuals engaging in moderate to
high levels of physical activity, as even modest reductions in sedentary
behavior can contribute to improved health outcomes.

Strengths

First, most research on the independent and combined effects of PA
and ST on mortality is based on Anglo-Saxon and Asian popula-
tions. Thus, the value of extrapolating those findings to people
residing in Southern European and Mediterranean countries, like
Spain, is highly debatable given substantial differences in population
characteristics, culture, and lifestyle habits. This study, based on the
Spanish National Health Survey (ENSE) data, represents the popu-
lation residing in Spain, ensuring strong external validity and ena-
bling the national generalization of our findings. This is a significant
advancement, as few other similar studies have been conducted with
such a representative sample [31], highlighting the need for research
that accurately reflects diverse cultural and demographic contexts.
Although cause-effect cannot be directly established, the study’s
longitudinal design provides relevant information on potential mor-
tality risk factors. Additionally, we accounted for numerous covariates
in our analyses, minimizing the potential for residual confounding.

Limitations

The analyses are based on self-reported data, which may introduce
classification errors. The IPAQ questionnaire, while widely used, is
not considered a highly accurate tool as it tends to overestimate PA
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levels and underestimate ST when compared to objective measure-
ments [35, 36].

We cannot entirely rule out the possibility of reverse causality
bias. To minimize this issue, sensitivity analyses excluded individu-
als with severe functional limitations and very poor perceived health,
as well as removing the first year of follow-up data from the anal-
yses. The moderate reduction in the magnitude of the associations
suggests either a partial mediating effect of health status or a certain
degree of reverse causality.

Lastly, there was no follow-up of the cohort after the survey, so it
is possible that changes in PA levels or ST occurred that we were
unable to account for.

Conclusions

Physical activity and reduced sitting time are both independently
and jointly associated with lower all-cause mortality risk. This rela-
tionship follows a non-linear dose-response pattern. Higher levels of
physical activity and lower sitting time are linked to reduced mor-
tality risk; however, a steep increase in risk is observed at low-to-
moderate levels of physical activity and moderate-to-high levels of
sitting time. The mortality risk associated with sedentary behavior
can be partially mitigated or compensated by engaging in physic-
al activity.

Further studies should explore the joint effects of sitting time and
physical activity, including different dimensions such as recreational
and non-recreational physical activity, and avoidable or unavoidable
(e.g. work and transport) sitting time.
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Key points

o Mortality risk sharply increases with sitting time exceeding
4-5 h daily.

o Meeting WHO physical activity recommendations cuts
mortality risk by up to 40%.

o Sedentarism-related mortality risk almost triples when
combined with low physical activity levels.

o Physical activity offsets sedentary-related mortality, even at
high sitting levels.

o Results support integrating physical activity and reduced
sitting into public health policy.
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