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Associations Between Physical Activity
and Incident Hypertension Across Strata
of Body Mass Index: A Prospective
Investigation in a Large Cohort of
French \Women

Conor-dames MacDonald “, PhD; Anne-Laure Madika “*, MD; Martin Lajous, ScD; Nasser Laouali “, PhD;
Fanny Artaud, PhD; Fabrice Bonnet, PhD; Guy Fagherazzi, PhD; Marie-Christine Boutron-Ruault “, PhD

BACKGROUND: High body mass index (BMI) and low physical activity are associated with increased risk of hypertension. Few
studies have assessed their joint impact or the relation of physical activity and hypertension among individuals within a healthy
BMI range. The objective of this study was to investigate the associations between physical activity and hypertension across
strata of BMI.

METHODS AND RESULTS: We used data from the E3N (Etude Epidémiologique de femmes de la Mutuelle Générale de I'Education)
cohort, a French prospective study of women aged 40 to 65 years. We included participants who completed a diet history
questionnaire and who did not have prevalent hypertension at baseline, resulting in a total of 41 607 women. Questionnaires
assessed time spent undertaking various types of physical activity. Hypertension cases were self-reported. Cox models
were used to calculate hazard ratios (HRs) for physical activity. Associations were assessed over strata of BMI. Among
the 41 607 included women, 10 182 cases of hypertension were identified in an average follow-up time of 14.5 years. Total
physical activity was associated with a lower hypertension risk in women within the high-normal BMI range (BMI, 22.5-24.9)
(HRquartie 1-uartie 4 0-89; 95% CI, 0.79-0.99). An inverse relationship was observed between sports (HRpq s 52 hours 0-87; 99%
Cl, 0.83-0.93), walking (HR .k 6 5 nourss 0-94; 95% Cl, 0.90-1.00), and gardening (HR g qening 2.5 hours 0-94; 95% Cl, 0.89-0.99).
Sports were associated with a reduced risk of hypertension in women with a healthy weight, but evidence was weaker in
overweight/obese or underweight women.

CONCLUSIONS: Women with a healthy weight were those who could benefit most from practicing sports, and sports provided
the largest risk reduction compared with other types of activity.

Key Words: epidemiology m hypertension m obesity ® physical activity
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health challenge because of its high preva-
lence and its association with the development
of cardiovascular diseases and kidney damage,
and occurs more in women than men with greater
disease burden."? Estimates of global burden

Hypertension presents a worldwide public

suggest that nearly 1 billion adults worldwide have
hypertension.®*

Numerous modifiable risk factors for hypertension
are known, such as obesity,® physical inactivity,® poor
diet,” smoking,® and alcohol consumption.® As nonop-
timal blood pressure is noted as the largest attributable

Correspondence to: Marie-Christine Boutron-Ruault, PhD, U1018, INSERM, UPS, UVSQ, Gustave Roussy, 114, rue Edouard Vaillant 94805 Villejuif Cedex,

France. E-mail: marie-christine.boutron@gustaveroussy.fr

Supplementary Materials for this article are available at https://www.ahajournals.org/doi/suppl/10.1161/JAHA.119.015121

For Sources of Funding and Disclosures, see page 11.

© 2020 The Authors. Published on behalf of the American Heart Association, Inc., by Wiley. This is an open access article under the terms of the Creative
Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in any medium, provided the original work is properly cited, the use

is non-commercial and no modifications or adaptations are made.
JAHA is available at: www.ahajournals.org/journal/jaha

J Am Heart Assoc. 2020;9:e015121. DOI: 10.1161/JAHA.119.015121


https://orcid.org/0000-0002-4989-803X
https://orcid.org/0000-0003-0221-737X
https://orcid.org/0000-0002-8532-456X
https://orcid.org/0000-0002-5956-5693
mailto:﻿
mailto:marie-christine.boutron@gustaveroussy.fr
https://www.ahajournals.org/doi/suppl/10.1161/JAHA.119.015121
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://www.ahajournals.org/journal/jaha
http://crossmark.crossref.org/dialog/?doi=10.1161%2FJAHA.119.015121&domain=pdf&date_stamp=2020-11-14

€20z ‘8T Joquieaag uo Aq Bio'sfeuinofeye//:diy wouy papeojumoq

MacDonald et al

CLINICAL PERSPECTIVE

What Is New?

e Among women with a healthy weight, a re-
duced risk of hypertension is associated with
increased time spent undertaking sports, and
weaker associations are associated with walk-
ing and gardening.

e |n women who are overweight and obese, no
level of physical activity was associated with a
reduced risk of hypertension.

What Are the Clinical Implications?

e Further work should determine if longer lengths
of low intensity physical activity are associated
with reduced cardiovascular risk and if these
relationships are consistent in women who are
obese.

Nonstandard Abbreviations and Acronyms

E3N Etude Epidémiologique de femmes de la
Mutuelle Générale de I'Education

metabolic equivalents

Mutuelle Générale de I'Education
Nationale

METs
MGEN

risk factor for various forms of cardiovascular disease,’
prevention is of the upmost importance. High physical
activity is well known to reduce the risk of incident hy-
pertension in overweight or obese individuals,'®-'® but
risk reduction is not consistent across different weight
ranges,'”'® races, or sexes.'® The effect of physical ac-
tivity in healthy weight individuals is also little studied in
prospective studies.

The type of physical activity undertaken has been
demonstrated to have a large effect on the risk of hy-
pertension and mortality.?° Wen et al’' demonstrated
that the greatest reduction in all-cause mortality could
be attributed to more vigorous physical activities such
as running. Similarly, Forman?? in the second Nurses’
Health Study demonstrated an inverse dose-depen-
dent response from vigorous exercise (defined as
jogging, running, cycling, or other sports) with regard
to hypertension risk, but made no comparison with
lower intensity physical activities. Equivalent energy
expenditure by walking and running has been shown
to produce similar risk reductions for hypertension
previously.?3

Few studies have assessed the potential effect
modification of body mass index (BMI) on the im-
pact of physical activity and the risk of hypertension.
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Increased weight has an impact on chronic inflam-
mation,?* which is one mechanism for hypertension
onset. Regular physical activity is associated with re-
duced concentrations of inflammatory markers,?® but
it is unclear if the relationship between physical activ-
ity and hypertension is the same for different ranges
of BMI. Asides from these biological reasons, in the
setting of the obesity pandemic, strategies should
be identified that can reduce the onset of chronic
diseases associated with obesity, and physical ac-
tivity would likely be an extremely cost-effective mea-
sure.?® Thus, we aimed to analyze the associations
on hypertension from physical activity for different
strata of BMI, including an assessment of the differ-
ent intensities of physical activity, in a large prospec-
tive study of women.

METHODS

The data that support the findings of this study are
available from the corresponding author upon reason-
able request.

Study Population

The E3N (Etude Epidémiologique de femmes de
la Mutuelle Générale de I'Education)?” cohort is a
French prospective cohort started in 1990 compris-
ing 98 995 women aged 40 to 65 years at baseline
and insured by the MGEN (Mutuelle Générale de
I'Education Nationale), a health insurance plan for
workers in the National Education System and their
families. The objective of the ESN was to study the
main risk factors of cancer and chronic diseases.
The E3N is the French component of the European
Prospective Investigation Into Cancer and Nutrition.
The cohort received ethical approval from the French
National Commission for Computerized Data and
Individual Freedom, and all participants in the study
signed an informed consent.

Participants returned mailed questionnaires
on lifestyle information and disease occur-
rence. Questionnaires were completed every 2
to 3 years. The average response rate at each
questionnaire cycle was 83%, and the total loss
to follow-up was 3%.

We excluded women who did not respond to a
dietary questionnaire in 1993 (n=24 473) and women
with an unrealistic energy consumption or physical
activity (the 1st and 99th percentiles of the distribu-
tion in the population) (=2644), prevalent hyperten-
sion, cardiovascular disease, or cancer (n=30 271)
before or at the 1993 questionnaire. The final study
population included 41 607 women. A comparison
between included and excluded women is presented
in Table S1.
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Assessment of Physical Activity and BMI
We assessed total physical activity with question-
naires in 1993 and 1997 that included questions on
weekly hours spent walking, cycling, performing light
and heavy household chores/cleaning, or recreational
activities and sports (eg, swimming and tennis) con-
sidering the winter and summer seasons. It included
questions on the time spent walking (to work, shop-
ping, and leisure time), cycling (to work, shopping, and
leisure time), housework, and sports activities (such as
racket sports, swimming, running).

Each activity was assigned metabolic equivalents
(METs) based on values from the Compendium of
Physical Activities.?® A MET is defined as the ratio of
work metabolic rate to a standard resting metabolic
rate of 1.0 (4.184 kJ)-kg™ h~'; 1 MET is considered a
resting metabolic rate while sitting. These included
MET values of 3.0 for household activities and clean-
ing, 4.0 for gardening, 3.0 for walking, 6.0 for cycling,
and 6.0 for sports. Using self-reported data, we esti-
mated weekly METs scores for the various activities.
METs measurements have been studied in this cohort
previously.?® Activities expending 3 to 6 METs can be
grouped as moderate, and those >6 as vigorous.*® We
considered subgroups of physical activity as sports,
walking, cycling, housework/cleaning, and gardening
separately.

Self-reported height and weight from the 1992
questionnaire were used to calculate BMI, defined as
weight (kg) divided by squared height (m?). In the co-
hort, self-reported anthropometry has proven reliable in
a validation study.®' Participants were split into groups
depending on BMI resulting in 5 BMI categories for as-
sessment (underweight BMI, <18.5; low-normal BMI,
18.5-20.4; mid-normal BMI, 20.5-22.5; high-normal
BMI, 22.5-25.0; overweight/obese, ie, excess weight,
BMI, >25.0).

Hypertension Assessment

Participants were asked to report whether they had
hypertension at baseline (1993) and in each follow-up
questionnaire (1995, 1997, 2000, 2002, 2005, 2008),
the date of diagnosis, and the use of antihyperten-
sive treatments. The month and year of diagnosis
were provided for most cases (69%). For individuals
who were missing the month of diagnosis (14% of
cases), it was imputed to June of the year of diagno-
sis. The median time between the date of diagnosis
and the date of response to the first questionnaire
after diagnosis was 12 months. Thus, for the cases
with no year of diagnosis (n=17%), we assigned it to
be 12 months before they reported hypertension in
a questionnaire. In 2004, a drug reimbursement da-
tabase became available for 97.6% of participants.
We used the self-reported date of diagnosis or the
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first date of drug reimbursement for antihyperten-
sive medications (Anatomical Therapeutic Chemical
Classification System codes C02, C03, C07, C08,
and C09) whatever happened first, as the date of di-
agnosis for cases identified after 2004.

In addition, using the information of the MGEN
health insurance plan drug claim database, we as-
sessed the validity of self-reported hypertension
within the EBN cohort. We compared hypertension
self-report to antihypertensive drug reimbursement
(any of the previously specified codes). A posi-
tive predictive value of 82% was observed among
women alive in January 2004 and followed up to
their response to the last considered questionnaire
in 2008.%2

Assessment of Covariates
We used information from the 1992 questionnaire
whenever possible. Family history of cardiovascular
disease (ie, stroke or coronary disease), education (no
high school diploma, high school diploma), and smok-
ing (former smoker, current smoker, or never smoker)
were based on self-reports, and for diabetes mellitus
we used cases that had been validated through the
use of a drug reimbursement database.®3

In 1993, dietary data were collected using a 2-part
questionnaire that has been shown to be valid and
reproducible detailing the consumption of 208 food
items.34 From this questionnaire and using a detailed
food composition table, mean daily intakes of energy
(excluding energy from alcohol), alcohol, magnesium,
phosphate, potassium, and lipids were estimated.

Statistical Analysis

Participants were split into 4 quartiles of total METs
per week based on the population distribution. We
categorized participants according to both physical
activity (with the lowest quartile as reference) and BMI
(with the low-normal BMI group as reference). Time at
entry was the age at the beginning of follow-up (1993),
and exit time was the age when participants were di-
agnosed with hypertension, died (dates of death were
obtained from the participants’ medical insurance re-
cords), were lost to follow-up, or were censored at the
end of the follow-up period (June 25, 2008), whichever
occurred first. Hazard ratios (HRs) and 95% Cls were
estimated from Cox regression models with age as the
timescale. P values for trends were calculated using
the median category value as a semicontinuous vari-
able in the models.

The relationship between physical activity and
BMI is complicated because changes in BMI can be
caused by changes in physical activity levels, and
in the extremity BMI can affect partaking in physi-
cal activity. Selection bias can be introduced when
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a variable that is affected by the exposure is used in
stratification or for adjustment in the statistical model.
For the current analyses we used BMI (in 1992) re-
ported before baseline physical activity (1993) in an
effort to address the possibility of introducing bias in
our stratified analyses.

We used directed acyclic graphs (Figures S1 and
S2)% to articulate our research question and guide
our analytical strategies (ie, variable selection to ad-
just for confounding). Multivariable models were first
unadjusted with the age as the timescale (MO) and
then mutually adjusted as BMI and physical activity
(M1). Next, the models were adjusted for known risk
factors for hypertension development (prevalent dia-
betes mellitus, family history of hypertension or car-
diovascular disease [yes/no], smoking [never, former,
and current at baseline], education [no high school
diploma, high school diploma], and menopause) (M2)
and then for dietary variables (calories, potassium,
magnesium, phosphates, lipids, salt, alcohol, and
caffeine) (M3). Next, the models stratified into groups
of BMI were assessed using total physical activity as
the exposure.

Analysis was then performed for specific activities
reported in hours per week. Sports, gardening, and
walking were considered as quartiles, and because
of lower participation in housework and cycling, these
were considered as tertiles and yes/no, respectively.
Next, the models stratified into groups of BMI were as-
sessed using sports, gardening, and walking as the
exposures.

Spline regression,3® which fits low-order polynomi-
als between fixed equidistant points known as "knots"
to smooth the variable, was used to assess the shape
of the association between types of physical activity
and the risk of hypertension. The spline term was in-
cluded as a variable in a Cox regression model. The
splines were then plotted, showing the relationship be-
tween the HR for hypertension and the METs for the
types of physical activity.

We performed sensitivity analyses to test for poten-
tial reverse causation by excluding cases that occurred
within 5 years of follow-up. We also considered a model
with physical activity estimated at 1997 (in the same
manner as described for the 1993 questionnaire, in-
cluding types of activity) to further separate the physical
activity and BMI estimates to ensure that BMI at 1992
would not be affecting physical activity and introduc-
ing bias. Participants were grouped according to quar-
tiles of the population distribution for physical activity.
Baseline for this analysis was 1997, and prevalent hy-
pertension cases were excluded. We considered expo-
sures of total activity and sport and then stratified BMI
analysis in the same manner as in the main analysis.

One supplementary analysis was conducted. Total
physical activity and BMI were considered as a joint
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exposure by crossing the categorical physical activ-
ity and BMI variables and is presented in Table S2.
The joint interaction term was then included in a fully
adjusted Cox model along with continuous BMI and
physical activity, with the low-normal BMI, highly active
group as reference. The P value for this variable was
used to determine if interaction was likely.

Missing values were imputed using the mean
for continuous or median for categorical variables.
Differences between continuous normal variables
were assessed using Student t test, the Wilcoxon
test for non-normal variables, and for categorical
variables the Mann-Whitney U test. All statistical
analyses used R version 3.5.1 (www.r-project.org)
and the survival package (www.github.com/thern
eau/survival), with an a of statistical significance
equal to 0.05. Results from the Cox models were in-
terpreted as HR (95% Cl).

RESULTS

A total of 41 607 women were included in this study.
The mean age at inclusion was 50.1+6.2 years, and
the mean BMI was 22.2+2.6 kg/m?. The mean physi-
cal activity at inclusion was 53.7+27.7 METs-hours
per week. After an average of 14.5 years of follow-
up and 604 361 person-years, 10 182 cases of in-
cident hypertension were identified, corresponding
to an incidence rate of 16.8 per 1000 person-years.
Compared with women who developed hyperten-
sion, those who did not were younger at inclusion,
had a lower BMI, were less likely to have diabetes
mellitus or obesity, and reported slightly lower lev-
els of total physical activity, but more sport. When
considering participants grouped according to their
physical activity, those reporting higher levels of ac-
tivity were slightly older at inclusion and consumed
more calories (Table 1).

Higher physical activity was associated with a lower
risk of hypertension in the adjusted models (Table 2).
An interaction was likely when considering the joint
variable of BMI and physical activity. When women
were stratified into the 5 BMI groups (Table 3), higher
physical activity was associated with a lower risk of hy-
pertension only within the high-normal BMI range 22.5
t0 25.0 (HRqartie 1—quartie 40 0-89; 95% ClI, 0.79-0.99). In
a sensitivity analysis, excluding cases diagnosed within
5 years after baseling, the associations remained sta-
ble (data not tabulated).

When physical activity was partitioned to specific
types (Table 4), high levels of sports were strongly as-
sociated with a lower risk of hypertension in a dose-re-
spondent manner in both unadjusted and adjusted
models (HRport 52 hours 0-87; 95% Cl, 0.83-0.93). High
levels of walking and gardening were also associated
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with a lower risk of hypertension (HR, . +6 5 hourss 0-9%;
95% Cl, 0.90-1.00; HR g, gening: >2.5 nourss 0-94; 95% Cl,
0.89-0.99). Housework/cleaning was associated with
an increased risk of hypertension (HR, . sework 575 hours»
1.05; 95% ClI, 1.00-1.10). Cycling was not associated
with the risk of hypertension.

Specific types of physical activity did not show a
likely interaction with BMI, except sports (P interaction
<0.01). In models stratified on BMI groups (Table 5),
high levels of sports were associated with a lower
risk of hypertension in a dose-respondent manner in
all categories of healthy-range BMI, but not in women
who were underweight (BMI, <18.5) or had excess

Physical Activity, BMI, and Hypertension

weight (BMI, >25.0). The hypertension incidence rate
in women partaking in the lowest level of sports was
18.6 per 1000 person-years compared with 15.6 in
those partaking in the highest level of sports. In low
normal-weight women partaking reporting zero sports,
the incidence rate was 14.5 compared with 12.1 in
those reporting >2 hours of sports.

Using spline regression, an inverse dose-depen-
dent relation between sports, gardening, and walking
and the risk of hypertension was observed (Figure).
The shape of the curve regarding sports (Figure—
Panel A) showed that even low levels of sport were
associated with a reduced risk of hypertension. Both

Table 1. Participant Characteristics at Baseline (N=41 607) According to Outcome and Quartiles of Total Physical Activity

in 1993
Quartiles of Physical Activity, METs/wk
Quartile 1 Quartile 2 Quartile 3 Quartile 4
Noncases Cases (N=10 491) (N=10 465) (N=10 391) (N=10 260)
(n=31 425) (n=10 182) (<32.0) (32.0-47.3) (48.8-67.5) (>67.5)
Cases of hypertension 2516 2524 2486 2656
Age, y, mean (SD) 49.8 (6.1) 511 (6.5)* 49.2 (5.8) 497 (6.2) 50.3 (6.6) 51.2 (6.6)
Weekly total physical activity at 1993, 53.6 (27.3) 54.6 (28.0) 23.3 (6.0) 39.8 (4.7) 56.8 (6.3) 88.2 (17.1)
METs/wk, mean (SD)
Walking, h/wk, mean (SD) 4.62 (3.88) 4.69 (3.92) 3.1 (5.0) 3.7 (7.9 5.2 (10.9) 7.5 (14.2)
Gardening, h/wk, mean (SD) 1.78 (2.31) 1.84 (2.34) 0.6 (0.8) 1.2 (1.4) 1.9 (2.1) 3.5(3.2)
Housework/cleaning, h/wk, mean (SD) 6.65 (4.67) 7.05 (4.91) 3.4(1.7) 5.2(2.8) 7.1 (3.8) 111 (5.7)
Cycling, h/wk, mean (SD) 0.52 (1.07) 0.48 (1.03) 0.2 (0.4) 0.4 (0.7) 0.6 (1.1 1.0(1.5)
Sports, h/wk, mean (SD) 1.33(1.62) 1.18 (1.56)" 0.6 (0.8) 11(1.2) 1.5(1.6) 2122
BMI at 1992, kg/m?, mean (SD) 22.0 (2.4 22.8 (2.7) 22.2 (2.5) 221 (2.5) 221 (2.4) 22.3(2.5)
Underweight BMI (<18.5), % 3.9 2.7 3.6 3.9 3.7 3.1
Low-normal BMI (18.56-19.9), % 16.1 1.7* 15.2 15.4 14.7 15.0
Mid-normal BMI (20.0-22.4), % 44.0 37.8* 42.0 42.7 42.5 42.6
High-normal BMI (22.5-25.0), % 25.0 28.2* 254 26.4 257 26.8
Overweight/obese BMI (>25.0), % 111 19.6* 13.8 12.8 12.0 137
Family history of cardiovascular disease, % 32.0 39.7* 33.3 34.0 33.9 34.4
Diabetes mellitus, % 0.8 1.2* 0.9 0.8 0.9 1.0
Smoking status, %
Never 51.8 52.8 50.9 51.6 52.3 54.8
Former 33.8 33.3 34.2 34.6 33.5 324
Current 14.4 13.8 14.9 13.8 14.2 14.0
With high school diploma, % 94.0 93.0* 94.7 95.6 93.5 92.9
Dietary factors, median (SD)
Energy without alcohol, kcal/d 2157 (548) 2160 (556) 2113 (543) 2151 (541) 2175 (653) 2196 (559)
Alcohol, g/d 11 (13) 12 (14) 7(13) 7 (13) 7 (14) 7 (14)
Caffeine, mg/d 174 (150) 175 (152) 173 (152) 175 (148) 175 (151) 176 (152)
Lipids, mg/d 86 (26) 86 (27) 84 (26) 86 (26) 86 (27) 87 (27)
Magnesium, mg/d 420 (141) 425 (143)* 410 (142) 419 (138) 425 (142) 431 (143)
Phosphates, mg/d 1430 (384) 1482 (384)* 1407 (381) 1430 (379) 1449 (387) 1452 (389)
Potassium, mg/d 3716 (1020) 3889 (1047)* 3620 (1024) 3706 (996) 3757 (1027) 3818 (1045)
Sodium, mg/d 2726 (892) 2762 (908)* 2671 (898) 2709 (886) 2765 (890) 2791 (905)

BMI indicates body mass index; and METs, metabolic equivalents.

*Statistical difference at the 0.05 level between cases and noncases.
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walking (Figure—Panel B) and gardening (Figure— S g8
Panel C) showed a shallower dose response than for R £ %;;
sports and that higher levels were required to achieve 2 © § E
the same reduction in risk. © §
When considering the joint BMI-physical activity @ slele §§
exposure, the joint term was significantly associated to 2|5 8 Sl’ $ OOI’ 2%
the risk of hypertension (Table S2; P interaction <0.01). § ;f'j 8183 %L‘Uj
Compared with low-normal BMI women, with high ac- = s o e =
tivity, a higher risk of hypertension was observed in the * 312313 % g
high-normal and overweight BMI groups, regardless of % 2
physical activity levels. Higher physical activity reduced T E\g
the risk slightly within BMI groups, with a nonsignifi- s 2 ﬁ:ﬁ%
cant inverse trend (overlapping Cls) in the overweight = 2 o
group (HR erweight quartie 1+ 1-85; 95% Cl, 1.61-2.13; 8%
HR, erweight Quartie 4» 1:69; 96% Cl, 1.47-1.94; compared s = .13 23| 52
with highly active low-normal BMI; Table S2). = 2 %[22 28
S EEEE

e . . | f|lols|/<| 28
Sensitivity Analysis = 21212 82
In sensitivity analysis, we considered physical ac- E%
tivity measurements from a later time point (1997) T § g
with BMI and other covariates measured at 1992 2 § %%
(n=39 109, cases=7880) with 1997 as the baseline. a %Tq:;
Considering total physical activity, the results were 52
similar to the main analysis but were borderline sig- s | = g15|8 g §
nificant (HRauartie 1-cuartic 4 0-96; 95% Cl, 0.90-1.02; = ]
P trend=0.07; Table S3). When models were strati- 8 23|32 E<
fied on BMI, no single group showed a significant T T3888 ;%
trend, possibly attributed to the smaller number of °1°1°% 8%
cases in this analysis (not tabulated). Results were §g
similar to the main analysis when considering sports E 9 § £
separately from other types of physical activity E © = 92
(HRgport 52 hourss 0-85; 95% Cl, 0.80-0.91; P trend §§
<0.001; not tabulated). When considering sports ° slals g%
stratified on BMI, only among women with excess =15 323 2|35¢€
weight was there no clear association between ] g' g.‘; % 8 %
sports and hypertension, although the second quar- 2 EHENEE
tle showed a reduced risk (HRuport 0-05 nours 0-65; = 12121852
95% Cl, 0.49-0.88; P trend=0.31; Table S4), but the - g2
sample size was low in this quartile. E " % %
oy HEREEY

3 - HEHEEE

DISCUSSION % E’ AN I %%’
In the present study, we aimed to understand the re- % ; Tg
lation between physical activity, BMI, and the risk of & g E
hypertension. We observed the highest risk of hy- s NS g%
pertension in participants reporting the lowest levels ‘g ARSI ET
of physical activity. Sports were most strongly as- » E%
sociated with a reduced risk of hypertension in these K} 5 f I
women, regardless of other risk factors. Walking and §° i | ?8
gardening were both associated with slight reduc- < E _ § E _ %%
tions in risk, but cycling was not associated with the g E § g' é g 35S
risk of hypertension. Results were stable after ex- © % 2T s _é_’é
cluding cases diagnosed within the first 5 years after o R g
baseline, providing confidence that this was not at- 2 2y S/ 5|88 = 3
) . : < o3s|(55|8|0 e
tributed to reverse causality. These results provide [ ]
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further evidence toward the beneficial effects of 3
practicing sports regularly with regard to cardiovas- = — 5|58 gfg
cular disease prevention. 8 S 8iuinlnlol®
We observed that the relation between physical _ = 3 % s\éls S ;
activity and hypertension differed according to BMI, = 25 EHERE 2
with inverse associations between physical activity 5 3% clele £
and hypertension only present in women with normal g 2 =
BMI. In overweight women, physical activity was not % § 3 glylslg g
observed to significantly alter the risk of hyperten- £ S|C|Y V| 8
sion development, although when considering the s %”3
interaction model presented in supplementary anal- £ 5 s & & =
ysis, a nonsignificant inverse trend between physical 15 E{. § g SI %: OOI’ 2
activity and hypertension was observed in women % <) 2 gIRIR S 5
who were overweight and obese. The incident rates E o IR g
of hypertension were much lower in lower weight S 5 = 213|3 2
women (=13.6 per 1000 person-years) compared 5 g 2
with women who were overweight (=24.3 per 1000 s ZS m é%
person-years). Sports activity >2 hours per week ‘E < § R g%’
was associated with a risk reduction of 2 cases per b T|o 3 §
1000 person-years in the leanest women, but no < 3'g
risk reduction in the heaviest women, a result that g e Sy N §*§
was consistent in sensitivity analysis considering 2 ﬁl G g = 2|2 Ew
later physical activity. These results do not imply that % 2 S 5|8 é %‘..'3 el s g
women who are overweight cannot benefit from in- § ; 2 EHEER g
creasing their physical activity. It is possible that the 2 m|T 21213 £5
effect of physical activity in women who are over- ﬁ g é’g
weight is mediated through changes in weight, which 15 ZB " § @
we are unable to account for properly in this analysis T b % § § 2|8 52
and would require dedicated studies with appropri- § = ¢ %%
ate data collection. 2 _ =3
To the best of our knowledge, only 2 studies pro- 2 3| = g8|E 8
spectively analyzed the combined associations of 3 :'; :\'3 8 g g T e %ﬁ
BMI and physical activity on risk of hypertension. Hu S0 2182385883 3
et al'” assessed a joint model of BMI and physical s z = C |3 36 g2
activity and observed a reduction in hypertension 'f-": = R %%
risk from physical activity in women who were obese. _g § 82
However, the range of BMI in that population was quite o § 3 slalgle gg
different from that of our population, and their study o S R R 23
included both men and women, thus making com- 2 ‘% 8
. . .. . . =] o @
parisons difficult. Similarly, Jackson et al'® identified S s | - &lals ZzE
a significant interaction between BMI and physical ‘g @ § 3 ? ilr “rf g
activity and reported an association between overall = E § g § e 2 e 8
physical activity and risk of hypertension in women 2 &Eﬂ, § 2 5 < % f;g’
who were obese, but included a larger proportion of % E, S|~ 5s
women who were overweight and obese than in our ﬁ g g%
work. In both of these studies, the largest reduction 2 |2 wlol ol 2%
in risk attributed to physical activity was observed 3 > § ©|o|~ gg
in people who were obese (BMI, >30), which rep- = %g
resented a small proportion of our population, and E > %§
it is possible that our results in these women could 3 u | 2 S
be limited by a small sample size. However, neither < i — g E _ §§
investigated associations across various strata of 2 = dlelelg |88
normal range BMI, which is one of the major find- L § Sl el B e gj.
ings of the present study, despite being unable to ] g AR %%
confirm the previous associations in women who = 5*;‘ é‘:; § C%; § § 23
were obese. The magnitude of associations between P =
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Table 4. Different Types of Physical Activity and the Risk of Hypertension

Physical Activity, BMI, and Hypertension

MO M1 M2 M3
Person-Years Cases HR (95% CI) HR (95% CI) HR (95% ClI) HR (95% Cl)
Sports, h/wk
0 232 203 4386 Reference Reference Reference Reference
0-1.0 140 892 2252 0.91 (0.86-0.95) 0.94 (0.89-0.99) 0.94 (0.89-0.99) 0.94 (0.89-0.99)
1.0-2.0 133 596 1775 0.88 (0.83-0.93) 0.91 (0.86-0.97) 0.91 (0.86-0.96) 0.91 (0.86-0.96)
>2.0 117 671 1769 0.84 (0.79-0.88) 0.88 (0.83-0.93) 0.88 (0.83-0.93) 0.87 (0.83-0.93)
P trend <0.0005 <0.0005 <0.0005 <0.0005
Walking, h/wk
<2.0 194 613 3235 Reference Reference Reference Reference
2.0-35 122 308 2046 0.98 (0.93-1.04) 0.99 (0.93-1.05) 0.99 (0.94-1.05) 0.99 (0.94-1.05)
3.5-6.5 140 665 2366 0.95 (0.90-1.00) 0.97 (0.90-1.02) 0.97 (0.92-1.02) 0.96 (0.92-1.02)
>6.5 146 775 2535 0.93 (0.88-0.98) 0.94 (0.88-0.99) 0.94 (0.90-1.00) 0.94 (0.90-1.00)
P trend 0.003 0.02 0.02 0.02
Gardening, h/wk
0.0 197 211 3349 Reference Reference Reference Reference
0.0-1.0 138 868 2258 1.01 (0.96-1.07) 1.02 (0.96-1.07) 1.01 (0.96-1.07) 1.01 (0.95-1.07)
1.0-2.5 125 975 2087 0.98 (0.93-1.04) 0.98 (0.93-1.04) 0.98 (0.93-1.04) 0.98 (0.92-1.03)
>2.5 142 307 2488 0.95 (0.90-1.01) 0.94 (0.90-1.00) 0.94 (0.89-1.00) 0.94 (0.89-0.99)
P trend 0.04 0.02 0.02 0.02
Housework and cleaning, h/wk
<41 247 228 3836 Reference Reference Reference Reference
41-75 153 779 2628 1.04 (0.98-1.10) 1.04 (0.98-1.10) 1.04 (0.98-1.10) 1.03 (0.98-1.09)
>7.5 203 353 3718 1.07 (1.02-1.12) 1.05 (1.01-1.10) 1.05 (1.00-1.10) 1.05 (1.00-1.10)
P trend 0.003 0.03 0.05 0.04
Cycling, h/wk
0 7198 411 248 Reference Reference Reference Reference
>0 2984 193 114 0.97 (0.93-1.02) 0.99 (0.95-1.03) 0.99 (0.94-1.03) 0.98 (0.93-1.02)
P trend 0.18 0.63 0.53 0.48

MO unadjusted with age as the timescale. M1 adjusted for body mass index; M2 further adjusted for diabetes mellitus at baseline, family history of hypertension
or cardiovascular disease (yes/no), smoking (never, former, and current), education; and M3 further adjusted dietary variables (calories, potassium, magnesium,

phosphates, lipids, salt, alcohol, and caffeine). HR indicates hazard ratio.

hypertension and BMI were higher than those be-
tween physical activity and hypertension. It is there-
fore possible that the augmented risk from obesity
cannot be totally eliminated by increasing physical
activity. Similar results have been observed in multi-
ple studies on hypertension'®'%” and cardiovascular
diseases.®84!

We were able to assess the associations between
hypertension and different types of physical activity.
We observed that the largest association was from
sports-based activity, followed by gardening and
walking, which both showed weaker associations.
Even small amounts of sports, <1 hour, were associ-
ated with a reduced risk of hypertension. Housework
and cleaning was associated with an increased risk
of hypertension, possibly attributed to residual con-
founding from this variable and perhaps explained by
considering that this is not "leisure time" physical ac-
tivity but, rather, occupational and non-leisure-based

J Am Heart Assoc. 2020;9:e015121. DOI: 10.1161/JAHA.119.015121

physical activity, which is associated with chronic
disease in other studies.*?*3 Spline regression
demonstrated that longer times were required for
walking and gardening to achieve the same risk
reduction as sports. This suggests that strenuous
physical activity is better for reducing hypertension
risk. Some previous studies have assessed aerobic
fitness as opposed to time spent doing physical ac-
tivities and have found that a high aerobic capacity is
associated with a reduced risk of hypertension.®” The
observed larger effect from sports as opposed to
lower intensity physical activity is in agreement with
various international guidelines (eg, those of the UK
National Health Service or the US Office of Disease
Prevention) that recommend 75 minutes of intense
physical exercise per week (such as a full game of
tennis) or longer durations of lower intensity physi-
cal activity such as walking. Emphasis should also
be placed on maintaining regular physical activity to
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maintain a healthy BMI as well as for the independent
protective effects on metabolic diseases.**~*" From a
public health perspective, these results support ef-
forts to promote weight control and make exercise as
accessible as possible.*®

Strengths and Limitations

Strengths of this study are its prospective design, large
sample size, long follow-up (15 years) with minimal loss
to follow-up, and a large number of cases. A unique
strength of this study is the large number of women in
the healthy BMI range, allowing us to analyze 3 groups
within the World Health Organization healthy weight
range, that is, low normal (18.5-20.4), mid normal
(20.5-22.4), and high normal (22.5-25.0). However, we
were underpowered to provide a proper assessment
of the risk of being underweight or morbidly obese
on incident hypertension because these women con-
sisted of fewer than 5% of the total study population,
thus these results may not be generalizable to popula-
tions with higher rates of obesity or to specific groups
with a high BMI. As the study consisted of women, the
sizes of the effects may not be generalizable to men.
However, we believe there is no biological reason why
the general trends observed regarding activity or BMI
should not be generalizable to men and to younger
people. It is reasonable that BMI could also be consid-
ered as a mediator in the relationship between physical
activity and hypertension, but few studies assessing
this have been conducted. One cross-sectional study
in school-aged children identified BMI as a mediator in
the relationship between cardiorespiratory fitness and
cardiovascular risk for girls,*® but these results are diffi-
cult to extrapolate to elderly and middle-aged women.
Future work could assess if the relationship with hyper-
tension is mediated by BMI.

In this study, cases of hypertension were identified
through follow-up questionnaires. We assessed the
validity of cases of hypertension, and we observed
an 82% positive predictive value when we validated
self-reported information with the use of a drug reim-
bursement database. Some degree of misclassifica-
tion is possible, but because this study is prospective,
it should be random and unrelated to the exposure,
thus only reducing the study power.

As the interactions between physical activity and
BMI are particularly complex (ie, BMI affects the
likelihood, ability, and potentially the reasons for un-
dertaking exercise, and physical activity can affect
BMI through increased energy expenditure®®), we
considered BMI measured before physical activity to
reduce the likelihood of obtaining biased estimates.®'
However, it is still possible that physical activity
would be related to BMI at this point and should be
considered a limitation of the data used. To address
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Figure. Spline regression curves demonstrating dose-response
relationship for hours of sports-based physical activity (A) and walking
(B) and gardening (C) physical activities with regard to hypertension risk.
Dashed lines indicate 95% CI.

A strong inverse relationship was observed with sports, and weaker inverse
relationships were observed with walking and gardening.
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this, we considered a sensitivity analysis using phys-
ical activity estimates from 1997, which we assume
would be less related to BMI at 1992. We observed
similar results when considering sports in this set-
ting, although results with total physical activity were
borderline. The smaller number of cases and shorter
follow-up can be considered a limitation of this sen-
sitivity analysis.

The inclusion of dietary variables could introduce
collider bias as they are associated with both physical
activity and BMI. Diet could have a possible indepen-
dent effect of calorie intake on hypertension such as
improving insulin sensitivity®? but could also represent
a critical confounder in the association with physical
activity. As the estimates did not drastically change
when adjusting on energy intake and dietary variables,
it is unlikely that biases could be driving the observed
results.

We were able to account for a large amount of po-
tential confounders, including smoking, alcohol and
caffeine intakes, dietary factors, and family history. It
is nevertheless possible that more active participants
live a healthier life and that some confounding was
not accounted for. In addition, we could not ascer-
tain whether women were exercising to lose weight
or how they gained weight. Similarly, although BMI
is useful tool to assess general obesity, it is limited
compared with other indexes as a result of differ-
ences in risk depending on the location of adiposity.
The BMI measurement could be augmented by con-
sidering additional measurements such as waist-hip
ratio, waist circumference, or weight-height ratio, for
example.

CONCLUSIONS

Our results suggest the benefits of sports in women
with healthy weight with regard to the prevention of
hypertension. In a public health perspective, people
should be encouraged to regularly practice sports to
reduce their risk of hypertension and the risk of hyper-
tension-associated diseases. Further research could
assess the associations between sports and hyper-
tension in women who are overweight.
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Table S1. Comparison between included and excluded populations.

Included Excluded

(n =41,607) (n =57,388)
Risk factors
Prevalent hypertension 0 25,650
Prevalent cardiovascular disease 0 500
Prevalent cancer 0 6,765
Missing dietary data 0 24,473
Weekly total physical activity (METS / week) 53.9+27.5 43.0£28.3
Walking (hours / week) 4639 2425
Sports (hours / week) 13+£16 1.0+£1.2
Gardening (hours / week) 1.8+23 15+18
Housework (hours / week) 73+54 73+6.8
Cycling (hours / week) 05+1.1 0406
Age (years) 50.1+6.2 51.2+6.6
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Body mass index (kg / m?)

Underweight BMI (< 18.5) (%)

Low-normal BMI (18.5 —19.9) (%)

Mid-normal BMI (20.0 — 22.5) (%)

High-normal BMI (22.5 — 24.9) (%)

Overweight/obese BMI (> 25.0) (%)

Family history of cardiovascular disease (%)

Diabetes (%)

Smoking status (%)

Never
Former
Current

With high school diploma (%)

BMI: body mass index, Mets: Metabolic equivalents

222+25

3.1

13.3

42.4

26.6

13.1

33.9

05

52.1

33.7

14.2

93.7

23.1+35

4.0

11.9

36.2

24.4

22.6

20.0

11

55.8

27.4

16.7

87.6
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Table S2. Joint exposures of total physical activity and BMI.

BMI Underweight (BMI <= Low-normal (BMI 18.5—- Mid-normal (BMI 20.0 —

(kg/m?) 18.4) 19.9)

22.49)

—24.9)

High-normal (BMI 22.5 Obese/overweight (BMI >=

25)

Total physical activity (METS-hours / week), p - joint exposure < 0.01

1.06 [0.93:
Q1 (< 32.0) 0.88 [0.76: 1.15] 1.00 [0.85: 1.17]
1.20] 1.36 [1.10: 1.56] 1.85[1.61: 2.13]
1.10 [0.97:
Q2 (32.0-47.3) 0.81[0.62: 1.05] 0.98 [0.84: 1.15]
1.25] 1.22 [1.07: 1.39] 1.79 [1.56: 2.07]
1.06 [0.94:
Q3 (47.3-67.5) 0.95[0.74: 1.22] 0.91[0.77: 1.07]
1.21] 1.20 [1.05: 1.37] 1.72 [1.49: 1.98]
1.02 [0.90:
Q4 (> 67.5) 1.05[0.81: 1.36] Reference
1.16] 1.20 [1.05: 1.37] 1.69 [1.47: 1.94]

BMI: body mass index, Mets: Metabolic equivalents
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Table S3. Cox-ph models for physical activity in 1997.

MO M1 M2 M3

Physical activity (METs / Person-
Cases p p p
week) years HR [95% CI] ptrend |HR [95% CI] HR [95% CI] HR [95% CI]
trend trend trend

Q1 (< 38.5) 1801 99,674 Reference 0.09 |Reference 017 Reference 0.08 Reference 0.07

1.01 [0.95: 1.03 [0.96: 1.02 [0.96: 1.02 [0.96:
Q2 (38.5-61.5) 1783 100,404

1.08] 1.10] 1.09] 1.09]

0.95 [0.89: 0.97 [0.90: 0.96 [0.90: 0.96 [0.90:
Q3 (61.5-89.0) 1722 97,729

1.01] 1.03] 1.02] 1.02]

0.96 [0.90: 0.97 [0.91: 0.95 [0.90: 0.96 [0.90:
Q4 (> 89.0) 1908 98,958

1.02] 1.04] 1.02] 1.02]

MO unadjusted with age as the timescale. M1 adjusted for BMI at 1992, M2 adjusted for diabetes at baseline, family history of hypertension or cardiovascular

disease (yes/no), smoking (never, former, and current), education, and M3 adjusted for dietary variables (calories, potassium, magnesium, phosphates, lipids,

salt, alcohol, and caffeine).

BMI: body mass index, Mets: Metabolic equivalents
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Table S4. Sports based physical activity estimated in 1997, and risk of hypertension stratified over BMI in 1992.

Underweight (BMI < | oy_normal (BM1 18.5

High-normal (BMI

Obese/overweight

18.5
) -19.9) Mid-normal (BMI 20.0
22.5-25.0) (BMI > 25)
—22.49)
Cases HR[95% CI] Cases HR[95% CI] Cases HR[95% CI] Cases HR[95% CI] Cases HR[95% CI]
Sports-based physical
activity (hours / week)
0 111 reference 448 reference 1407 reference 1168 reference 853 reference
0.86 [0.45, 1.05 [0.80, 1.00 [0.84, 0.99 [0.82, 0.65[0.49, 0
0-05 10 55 153 114 47
1.65] 1.40] 1.18] 1.20] 88]
0.94 [0.68, 0.82 [0.70, 0.91[0.84, 0.86 [0.78, 0.98 [0.86,
05-20 59 251 893 567 337
1.30] 0.96] 0.99] 0.95] 1.11]
0.76 [0.53: 0.82 [0.69: 0.83 [0.75: 0.86 [0.76: 0.91[0.78:
>2.0 41 199 592 372 205
1.09] 0.97] 0.91] 0.97] 1.06]
p-trend 0.12 0.01 <0.001 0.003 0.31

Adjusted for diabetes at baseline, family history of hypertension or cardiovascular disease (yes/no), smoking (never, former, and current), education, and dietary

variables (calories, potassium, magnesium, phosphates, lipids, salt, alcohol, and caffeine), and age as the timescale. BMI: body mass index
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Figure S1. Directed acyclic graph used to guide choice of covariates considering BMI in

1992 and activity in 1995.
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Figure S2. Directed acyclic graph used to guide choice of covariates considering BMI in

1992 and physical activity in 1997.
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