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High body mass index (BMI) is known to be associated with elevated blood pressure (BP). The present study aims
to determine the relative importance of the two components of BMI, fat mass and lean body mass index, on BP

We assessed body composition with bioimpedance and performed 24 hour ambulatory BP measurements in

534 individuals (mean age 61 + 3 years) who had no cardiovascular medication. Fat mass index and lean mass
index were calculated analogously to BMI as fat mass or lean body mass (kg) divided by the square of height

(m?).

Both fat mass index and lean mass index showed a positive, small to moderate relationship with all 24 hour BP
components independently of age, sex, smoking, and leisure-time physical activity. There were no interaction
effects between fat mass index and lean mass index on the mean BP levels.

Adult lean body mass is a significant determinant of BP levels with an equal, albeit small to moderate
magnitude as fat mass. Relatively high amount of muscle mass may not be beneficial to cardiovascular health.

Introduction

The positive relationship of body mass index (BMI) with blood
pressure (BP) has been demonstrated in several large-scale observational
studies [1-8]. Importantly, a causal association between BMI and hy-
pertension has recently been verified by two Mendelian randomization
studies [9,10].

Because BMI is a ratio of the total body mass (weight) and the square
of height, BMI cannot discriminate fat mass from lean body mass of a
person. This issue was considered among the UK Biobank participants, in
whom genetically predicted fat mass index (calculated analogously to
BMI as fat mass divided by height squared) was associated with hyper-
tension, the odds ratio (OR) for hypertension being 1.12 (95% CI 1.04 to
1.20) per genetically predicted 1 kg/m? increase of fat mass index [10].
However, the causal association between higher genetically predicted
fat-free mass index and hypertension did not quite reach statistical sig-
nificance: OR 1.08 (95% CI 0.99 to 1.19) [10]. This information implies
that genetic variants of fat mass influence BP levels across life course,
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but the role of fat-free mass is unclear. The factors that trigger disease
may not be the same as those that influence its progression [11]. Even
though genetic variation in fat-free mass may not trigger elevated BP, it
is possible that fat-free mass gained during life course may have an
impact on BP levels in adulthood.

We had the opportunity to assess body composition and 24 hour
ambulatory BP measurements (AMBP) in 534 adult individuals who had
no medication affecting vasculature. To determine the relative impor-
tance of fat mass and fat-free mass on BP levels, we divided BMI into its
two components, fat mass index (FMI) and lean mass index (LMI). We
hypothesized that LMI also plays a role in BP regulation.

Materials and methods

The Helsinki Birth Cohort Study (HBCS) includes 8760 men and
women who were born at Helsinki University Central Hospital between
the years 1934 and 1944. For the clinical study, random-number tables
were used to select a subset of people from the initial epidemiological
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study cohort who were still alive and living in Finland in 1971. In order
to achieve a sample size in excess of 2000 people, 2902 persons were
invited, and 2003 of them visited the clinic in the years 2001-2004. The
procedures used at the clinic visit have been described in greater detail
previously [12]. Briefly, the subjects attended the clinic after an over-
night fast. Height and weight were measured in light indoor clothing and
without shoes. Height was measured to the nearest 0.1 cm, and weight to
the nearest 0.1 kg. Body composition was assessed by bio-impedance,
using an eight-polar tactile electrode system (InBody 3.0, Biospace Co,
Ltd, Seoul, Korea). Between-day precision of InBody 3.0 has been re-
ported to be 2.7% in a sample of individuals with a mean age of 53 years
[13]. BML, LMI and FMI were calculated as weight, lean body mass and
fat mass (kg) divided by the square of height (m?), respectively. Fat and
lean mass indices were divided according to median values, and four
body composition categories were created: 1) low FMI and low LMI, 2)
low FMI and high LMI, 3) high FMI and low LMI, 4) high FMI and high
LMI.

For 24 h AMBP, oscillometric Spacelabs 90207 monitors (Spacelabs
Healthcare, Issaquah, Washington, USA) were used with cuffs of
appropriate size applied to the non-dominant arm. The measurement
protocol for each subject included a reading once in every 30 min,
except from 10 PM to 7 AM, when it included one reading in every hour.
We aimed at a number of readings that meets recommendations [14] but
allows maximal compliance. Pulse pressure (PP) was defined as the
difference between systolic and diastolic BP. Mean arterial pressure
(MAP) was calculated as DBP + (SBP — DBP)/3. Office BP was measured
from the right arm while the subject was in the sitting position, and it
was recorded as the mean of two successive readings from a mercury
sphygmomanometer.

Leisure-time physical activity (LTPA) was assessed with the vali-
dated 12-month Kuopio Ischemic Heart Disease questionnaire [15]. In-
formation on type, mean duration per month and mean
frequency/month of LTPA was collected. We defined a specific meta-
bolic equivalent of task (MET, 1 MET = 3.5 ml of Oy/kg'/min or 1
kcal/kg'l/h'l) for each reported activity (n = 47) to determine the ab-
solute intensity of the activities. LTPA was reported as a time-weighted
average intensity (TWA-MET) as previously reported [16].

Years of education, smoking status, and current medication were
assessed by questionnaires.

For the present analysis, we selected only subjects (n = 534) who had
no cardiovascular medication.

Blood samples were drawn after overnight fasting and were stored at
- 70 °C prior to analysis. High sensitivity CRP (hs-CRP) was analyzed
with immunoturbidimetric method using Konelab T-serie High
Sensitivity-CRP analyzer (Thermo Fisher Scientific Oy, Vantaa, Finland).
Interleukin-6 (IL-6) and tumor-necrosis factor-o (TNF-a) were analyzed
with multiplex sandwich immunoassays. The highest between-run
variation was 13% for both IL-6 and TNF-a. The amount of samples
with concentrations below or above the measurement range of the
analysis method were 4% for TNF-a, 5% for hs-CRP, and 50% for IL-6.

Ethical approval

Written informed consent was obtained from each subject before any
procedures were carried out. The Ethics Committee for Epidemiology of
Helsinki and Uusimaa Hospital District approved the study. The study
met the institution’s or the data curator’s guidelines for protection of
human subjects concerning their safety and privacy.

Statistical analysis

The descriptive statistics were presented as means with SDs or as
counts with percentages. The relationship between FMI and LMI was
modeled using linear regression analysis. Results were analysed using
factorial (two between-subjects factors: FMI and LMI) analysis of vari-
ance (ANOVA) and logistic models. Models included main effects of FMI
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and LMI and their interaction. Models regarding BP values included age,
sex, smoking, and LTPA as covariates. A bootstrap method was used
when the theoretical distribution of the test statistics was unknown or in
the case of a violation of the assumptions. Multivariate linear regression
analysis was used to identify the relationship between FMI and LMI as
continuous variables and the ambulatory BP components with stan-
dardized regression coefficient Beta (B). The Beta value is a measure of
how strongly the predictor variable (FMI or LMI) influences the criterion
(BP) variable. The Beta is measured in units of SD. Cohen’s standard for
Beta values above 0.10, 0.30 and 0.50 represents small, moderate and
large relationships, respectively. Because both IL-6 and TNF-a values
were extremely right-skewed (not normally distributed), they were
transformed to normality using a van der Waerden’s rank-based
normalization methods [17]. Unadjusted and adjusted (partial) corre-
lations between office and 24 h AMBP values and components of BMI
were calculated by the Pearson method. Otherwise, correlation co-
efficients with 95% CI were calculated by the Spearman method. The
normality of variables was evaluated using the Shapiro-Wilk W test.
Stata 16.0 (StataCorp LP; College Station, Texas, USA) statistical pack-
age was used for the analysis.

Results

We assessed body composition and cardiometabolic risk factors
including 24-hour AMBP in 534 individuals with mean age of 61 (SD 3)
years, 50.4% being females. None of the subjects had any cardiovascular
medication.

The relation of FMI to LMI was linear in both sexes. Correlation of
FMI with LMI was r = 0.51 (95% CI: 0.41 to 0.59) in men and r = 0.63
(95% CI: 0.55 to 0.70) in women. The subjects were categorized ac-
cording to medians of FMI and LMI as having Iow FMI and low LMI, Iow
FMI and high LMI, high FMI and low LMI, and high FMI and high LMI.
(Fig. 1)

Table 1 displays the baseline characteristics of the subjects according
to categorization as having low or high FMI or LMI, respectively. Persons
with low FMI and high LMI were mostly men whereas persons with high
FMI and low LMI were mostly women. Both components of BMI showed
a positive association with waist circumference and plasma triglyceride
level. FMI also showed a positive association with overall body fat
percentage, total cholesterol level, and hs-CRP level. FMI showed a
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Fig. 1. The relationship between fat mass index and lean mass index in men
and women. The solid lines show estimated linear regression with 95% confi-
dence intervals. The dashed lines indicate the medians of lean mass index (LMI)
and fat mass index (FMI).



P.E. Korhonen et al.

European Journal of Internal Medicine xxx (xxxX) xxx

Table 1
Characteristics of the subjects according to fat mass index (FMI) and lean mass index (LMI). Values are means (standard deviations) or numbers (percentages).
FMI low FMI high P-value
Main effect Interaction
LMI lowN=112 LMI highN=155 LMI lowN=155 LMI highN=112 FMI LMI

Women, n (%) 69 (62) 6 (4) 151 (97) 48 (43) <0.001 <0.001 0.74
Age, mean (SD) 61 (3) 61 (3) 61 (3) 61 (3) 0.10 0.22 0.63
Education years, mean (SD) 12.5(3.8) 12.8 (3.8) 11.6 (3.4) 11.4 (3.5) <0.001 0.93 0.32
BMI (kg/mz), mean (SD) 22.5(1.7) 26.3 (1.8) 27.1 (2.5) 31.8 (3.49) <0.001 <0.001 0.037
WC (cm), mean (SD)

Men 88 (7) 97 (6) 102 (5) 110 (9) <0.001 <0.001 0.65

Women 77 (6) 83 (4) 89 (8) 103 (8) <0.001 <0.001 0.026
Body fat-%, mean (SD) 23 (5) 21 (3) 35M4) 34 (6) <0.001 <0.001 0.17
Fasting glucose (mmol/1), mean (SD) 5.4 (0.7) 5.9 (1.3) 5.4 (0.8) 6.0 (1.2) 0.36 <0.001 0.68
TC (mmol/1), mean (SD) 6.0 (1.0) 5.9 (1.0) 6.3 (1.0) 6.1 (1.1) 0.003 0.047 0.34
HDL-C (mmol/1), mean (SD)

Men 1.70 (0.49) 1.50 (0.40) 1.48 (0.31) 1.37 (0.33) 0.045 0.083 0.61

Women 1.93 (0.43) 2.03 (0.71) 1.78 (0.45) 1.62 (0.36) 0.070 0.84 0.39
Triglycerides (mmol/1), mean (SD) 1.16 (0.67) 1.37 (0.71) 1.42 (0.72) 1.72 (0.96) <0.001 <0.001 0.50
Office BP (mmHg), mean (SD)

SBP 139 (22) 145 (18) 146 (20) 151 (18) <0.001 <0.001 0.78

DBP 84 (10) 90 (10) 88 (10) 93 (9) <0.001 <0.001 0.42

PP 55 (16) 55 (13) 58 (16) 58 (15) 0.019 0.72 0.86

MAP 103 (13) 109 (11) 108 (12) 112 (10) <0.001 <0.001 0.55
Current smoker, n (%) 29 (26) 34 (22) 29 (19) 19 (17) 0.091 0.44 0.82
LTPA, TWA-MET, mean (SD) 4.7 (1.3) 49 (1.1) 4.3 (0.8) 4.5 (1.3) <0.001 0.036 0.59
hs-CRP (mg/1), mean (SD) 2.7 (6.5) 2.4 (5.0) 4.0 (6.6) 3.4 (3.4) <0.001 0.085 0.49
TNF-« (pg/ml), median (IQR) 7.5 (5.3, 12.6) 7.9 (4.6, 11.8) 7.4 (5.3,9.9) 7.4 (5.2, 10.0) 0.11 0.81 0.74
IL-6 (pg/ml), median (IQR) 18 (6, 113) 25 (6, 131) 15 (4, 102) 10 (4, 88) 0.047 0.86 0.71

Abbreviations: FMI, fat mass index; LMI, lean body index; BMI, body mass index; WC, waist circumference; TC, total cholesterol; HDL-C, high-density lipoprotein
cholesterol; BP, blood pressure; SBP, systolic blood pressure; DBP, diastolic blood pressure; PP, pulse pressure; MAP, mean arterial pressure; LTPA, leisure-time
physical activity; TWA-MET, time-weighted average intensity metabolic equivalent; hs-CRP, high-sensitivity C-reactive protein; TNF-a, tumor-necrosis factor-o;

IQR, interquartile range; IL-6, interleukin-6.

negative relationship with years of education, HDL cholesterol level
among males, LTPA, and IL-6 concentration. LMI was negatively asso-
ciated with body fat percentage and total cholesterol level, whereas the
association was positive with plasma glucose concentration and LTPA.
Office measured BP components, with the exception of PP, showed a
positive relationship with both FMI and LML The interaction between
FMI and LMI was significant only for BMI and waist circumference
among women.

Spearmans correlation coefficient showed only a weak positive cor-
relation between LMI and hs-CRP level [r = 0.15 (95% CI: 0.06 to 0.23)],
but there was no association between LMI and TNF-a [r = -0.02 (95% CI:
-0.11 to 0.06)] or IL-6 [r = -0.04 (95% CI: -0.12 to 0.05)] levels.

When adjusted for age, sex, smoking, and LTPA, both FMI and LMI
showed a positive association with daytime and 24 h mean BP variables
except PP values. Only FMI had a main effect on night-time BP values.
There were no interaction effects between FMI and LMI on the mean
AMBEP levels. (Table 2)

Table 3 shows correlation coefficients between the office BP and 24 h
AMBP values and components of BMI. There was a statistical difference
between unadjusted and adjusted (age, sex, smoking, and LTPA) office
DBP and 24 h DBP regarding FMIL

In multiple regression analysis, both FMI and LMI showed a positive
small-moderate relationship with all 24 h AMBP components indepen-
dently of age, sex, smoking, and LTPA. (Fig. 2).

Discussion

The novel finding of this study is that adult lean body mass is a
significant determinant of BP levels with an equal, albeit small to
moderate magnitude as fat mass. The relationship between BP and lean
body mass is positive irrespective of age, sex, smoking, and LTPA.

Given that muscle mass is the major constituent of lean body mass, it
is probable that high muscle mass explains the positive relationship
between high LMI and BP levels. Generally, muscle mass has been
considered beneficial to health, and it is not known whether there is a

threshold value above which muscle mass is no more advantageous.

Skeletal muscle cells produce and secrete cytokines called myokines.
Chronically increased systemic concentrations of myokines IL-1p, IL-6,
IL-8, IL-10, and TNF-a have been linked to the development of many
diseases associated with inflammation and endothelial dysfunction [18].
We hypothesized that these myokines could mediate the effect of muscle
mass on blood pressure. However, we found no evidence for this since
LMI was not associated with IL-6, TNF-a or hs-CRP. It should be noted
that IL-6 is produced and secreted only when muscle fibres contract, but
TNF-a only after extremely high-intensity physical activity [19]. The
laboratory tests in our study were collected in the morning before any
strenuous activities, which might explain the lack of associations.
Interestingly, the positive relationship between LMI and AMBP levels at
daytime was not observed during night-time BP measurements. Thus, it
may be possible that the elevated muscle mass per se does not raise BP
levels, but muscle contraction and subsequent myokine release at day-
time is sufficient to raise also 24 h AMBP levels. The role of muscle mass
in BP regulation has recently been suggested in a Mendelian randomi-
zation analyses in which BMI, but not central adiposity, was causally
associated with higher IL-6 and also ECG measures indexing left ven-
tricular hypertrophy [9].

The relationship of both LMI and FMI with all 24 h AMBP compo-
nents was independent of current LTPA, but it is possible that the as-
sociations could be explained by the participants” earlier LTPA. Laine
et al. have shown that Finnish male former elite athletes in endurance
sports (long- and middle-distance running, cross country skiing) had
lower risk for hypertension than their matched controls in later life even
after adjustment for present LTPA [20]. This favorable effect was not
detected in groups of former athletes engaged in mixed sports (soccer,
ice hockey, basketball, track and field: jumpers, sprinters, hurdles, de-
cathletes) and power sports (boxing, wrestling, weight lifting, track and
field throwers) which typically involve intensive resistance training
[20]. Thus, it is reasonable to assume that resistance training in order to
raise muscle mass is not advisable to BP control. In this regard, the
current European recommendation for moderate-intensity resistance
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Table 2

Ambulatory blood pressure and heart rate according to fat mass index (FMI) and
lean mass index (LMI). Adjusted for age, sex, smoking, and leisure-time physical
activity. Values are means (standard deviations).

FMI low FMI high P-value
Main effect Interaction
LMI LMI LMI LMI FMI LMI
low high low high
Daytime
(mmHg)
SBP 125 131 128 133 0.009 0.019 0.75
14 12) 13) 13)
DBP 77 83 78 83 0.003 0.020  0.45
© ()] ©)] ©)]
PP 48 48 50 50 0.27 0.20 0.81
11 @) (10) (©)]
MAP 94 99 96 100 0.002 0.025  0.57
(10$) © (10) (10)
Night-time
(mmHg)
SBP 112 116 116 120 <0.001 0.054 0.89
14 11 13) a4
DBP 67 70 67 71 0.003 0.24 0.95
8) 8) 8 (C)]
PP 46 46 49 49 0.014 0.064  0.78
(10) (6) (©)] (©)]
MAP 83 86 85 88 <0.001 0.15 0.91
(10$) © ©)] (10)
24-hour
(mmHg)
SBP 121 126 124 129 0.001 0.024  0.94
14) a1 12) 13)
DBP 74 79 74 79 <0.001 0.045 0.68
8) @ 8 8
PP 47 47 49 50 0.097 0.13 0.78
(10) 6) ©)] (©)]
MAP 89 94 91 95 <0.001 0.024 0.78
© ® ©)] (©)]
Heart rate
(beats/
min)
Daytime 75 72 75 77 0.001 0.47 0.003
(10) (10$) (8) an
Night- 65 63 66 67 <0.001 0.97 0.11
time ®) 9 (©) (12)
24-hours 72 69 72 74 <0.001 0.48 0.004

(C)] [C)] 8 a1

Abbreviations: FMI, fat mass index; LMI, lean mass index; SBP, systolic blood
pressure; DBP, diastolic blood pressure; PP, pulse pressure;
MAP, mean arterial pressure

Table 3

Unadjusted and adjusted correlations (Pearson) between office and 24-hour
blood pressure values and components of body mass index. Adjusted for age,
sex, smoking, and leisure-time physical activity.

Systolic BP Diastolic BP

Office 24h Office 24h
FMI
Crude 0.19 (0.11 to 0.10 (0.02 to 0.14 (0.05 to -0.06 (-0.14 to
0.27) 0.19) 0.22) 0.03)***
Adjusted  0.22 (0.14 to 0.19 (0.09 to 0.24 (0.16 to 0.10 (0.02 to
0.30) 0.28) 0.31) 0.18)***
LMI
Crude 0.16 (0.07 to 0.15 (0.06 to 0.15 (0.07 to 0.10 (0.02 to
0.24) 0.23) 0.23) 0.19)
Adjusted  0.17 (0.09 to 0.15 (0.07 to 0.16 (0.07 to 0.10 (0.02 to
0.26) 0.24) 0.24) 0.18)

Statistical significance calculated using Sidak-adjusted probabilities *p<0.05,
*p<0.01,

. p<0.001Abbreviations: BP, blood pressure; FMI, fat mass index; LMI, lean
mass index
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Fig. 2. Magnitude of the simultaneous effect of lean mass index (LMI) and fat
mass index (FMI) as continuous variables on the ambulatory blood pressure
components. Beta (f) values with 95% confidence intervals were adjusted for
age, sex, smoking, and leisure-time physical activity.

Abbreviations: SBP, systolic blood pressure; DBP, diastolic blood pressure; PP,
pulse pressure; MAP, mean arterial pressure

training as an adjunct to aerobic exercise seems to be appropriate [21].

Recently, a report from the Health Professionals Follow-up Study
utilized estimates of body fat mass and muscle mass derived from vali-
dated anthropometric prediction equations [22]. Compared with men in
the lowest fifth of predicted fat or lean body mass, those in the highest
fifth had hazard ratios of 1.67 (95 % CI 1.47 to 1.89) or 1.11 (95 % CI
0.99 to 1.24) for cardiovascular death, respectively [22]. Although the
association of predicted lean body mass and mortality from cardiovas-
cular disease did not quite reach statistical significance (P value for
trend 0.10) [22], the results give support to our finding that high muscle
mass may not be beneficial to cardiovascular health. It must also be
noted that, although difficult to prove definitely, the relationship be-
tween fat mass and lean mass may partly be a result of the extra load
caused by excess fat mass. This load serves as a long-term training
stimulus leading to higher muscle mass and strength [23].

There is also evidence that lipid depots within muscle cells (intra-
myocellular lipid, IMCL) are associated with risk of arterial stiffness and
may thus be a risk factor for elevated BP [24]. Identification of IMCL
droplets is possible with proton magnetic resonance spectroscopy but
not with the bioimpedance method used in our study.

It appears unlikely that the other components of lean body mass, i.e.
bones and organs, might contribute to the association of BP and LMI. Of
note, the magnitude of the effect of both LMI and FMI on BP levels was
only small to moderate in our study. According to the Poiseuilles law,
the diameter of an artery plays by far the greatest role of all factors
determining the rate of blood flow through a vessel [25]. Thus, body
dimensions rather than body mass components, may have the major
impact on BP levels. Indeed, we have shown in this study population that
the relationship between BP and height is independent of BMI up to a
BMI level of 27-28 kg/m? [26]. BMI diminishes the impact of height on
body size by dividing body mass by the square of height. Another
important limitation of BMI is that persons with high lean body mass and
low body fat mass — who are mostly men — may be regarded as over-
weight or obese without an excess of body fat mass. Our results suggest
that in persons without cardiovascular disease needing medication,
body mass is not a major determinant of BP level.

This study is cross-sectional, which prevents us to define any causal
relationships between LMI or FMI and BP levels. There is the potential
for instrument bias in the bioimpedance analyses for FMI and LMI.
However, the multifrequency bioimpedance technology used in our
study with palm and sole electrodes has been shown to be sufficiently
accurate at the group level also in the age group of our study participants
[27]. The age range of our study participants was 57-70 years, which
limits the generalization of the results to other age groups. However, by
using AMBP we were able to measure circadian BP levels, and by
excluding patients with vasoactive medications we could observe
exclusively the relation between BP and body composition.
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Conclusions

Both components of BMI, i.e. lean body mass and fat mass, have a
positive but only small to moderate association with daytime and 24 h
AMBP components. Relatively high muscle mass may not be beneficial
to BP regulation. The current European recommendation for moderate-
intensity resistance training as an adjunct to aerobic exercise seems to be
appropriate [21].

Funding

The Helsinki Birth Cohort Study has been supported by grants from
Finska Lakaresallskapet, the Finnish Special Governmental Substudy for
Health Sciences, Academy of Finland, Samfundet Folkhélsan, Liv och
Halsa, and Signe and Ane Gyllenbergs Foundation

Declarations of Competing Interest

None.
References

[1] Drgyvold WB, Midthjell K, Nilsen TI, Holmen J. Change in body mass index and its
impact on blood pressure: a prospective population study. Int J Obes 2005;29:
650-5.

[2] Gelber RP, Gaziano JM, Manson JE, Buring JE, Sesso HD. A prospective study of
body mass index and the risk of developing hypertension in men. Am J Hypertens
2007;20:370-7.

[3] Shuger SL, Sui X, Church TS, Meriwether RA, Blair SN. Body mass index as a

predictor of hypertension incidence among initially healthy normotensive women.

Am J Hypertens 2008;21:613-9.
[4] Mokdad AH, Ford ES, Bowman BA, Dietz WH, Vinicor F, Bales VS, Marks JS.
Prevalence of obesity, diabetes, and obesity-related health risk factors, 2001. JAMA
2003;289:76-9.
Hubert HB, Feinleib M, McNamara PM, Castelli WP. Obesity as an independent risk
factor for cardiovascular disease: a 26-year follow-up of participants in the
Framingham Heart Study. Circulation 1983;67:968-77.
Prospective Studies Collaboration. Body-mass index and cause specific mortality in
900 000 adults: collaborative analyses of 57 prospective studies. Lancet 2009;373:
1083-96.
[7]1 Chen Z, Smith M, Du H, Guo Y, Clarke R, Bian Z, Collins R, Chen J, Qian Y, Wang X,
Chen X, Tian X, Wang X, Peto R, Li L. China Kadoorie Biobank collaborative group.
blood pressure in relation to general and central adiposity among 500 000 adult
Chinese men and women. Int J Epidemiol 2015;44:1305-19.
Linderman GC, Lu J, Lu Y, Sun X, Xu W, Nasir K, Schulz W, Jiang L, Krumholz HM.
Association of body mass index with blood pressure among 1.7 million Chinese
adults. JAMA Netw Open 2018;1:e181271.
Dale CE, Fatemifar G, Palmer TM, White J, Prieto-Merino P, Zabaneh D,
Engmann JEL, Shah T, Wong A, Warren HR, McLachlan S, Trompet S, Moldovan M,
Morris RW, Sofat R, Kumari M, Hypponen E, Jefferis BJ, Gaunt TR, Ben-Shlomo Y,
Zhou A, Gentry-Maharaj A, Ryan A, Consortium UCLEB,
Consortium METASTROKE, Mutsert R, Noordam R, Caulfield MJ, Jukema JW,

[5

—

[6

iy

8

—

[9

—_

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]
[26]

[27]

European Journal of Internal Medicine xxx (xxxX) xxx

Worrall BB, Munroe PB, Menon U, Power C, Kuh D, Lawlor DA, Humpbhries SE,
Mook-Kanamori DO, Sattar N, Kivimaki M, Price JF, Davey Smith G, Dudbridge F,
Hingorani AD, Holmes MV, Casas JP. Causal associations of adiposity and body fat
distribution with coronary heart disease, stroke subtypes, and type 2 diabetes
mellitus. A Mendelian randomization analysis. Circulation 2017;135:2373-88.
Larsson SC, Back M, Rees JMB, Mason AM, Burgess S. Body mass index and body
composition in relation to 14 cardiovascular conditions in UK biobank: a
Mendelian randomization study. Eur Heart J 2019;41:221-6.

Smith GD, Paternoster L, Relton C. When will Mendelian randomization become
relevant for clinical practice and public health? JAMA 2017;317:589-91.

Barker DJP, Osmond C, Forsen T, Kajantie E, Eriksson JG. Trajectories of growth
among children who have coronary events as adults. N Engl J Med 2005;353:
1802-9.

Malavolti M, Mussi C, Poli M, Fantuzzi AL, Salvioli G, Battistini N, Bedogni G.
Cross-calibration of eight-polar bioelectrical impedance analysis versus dual-
energy X-ray absorptiometry for the assessment of total and appendicular body
composition in healthy subjects aged 21-82 years. Ann Hum Biol 2003;30:380-91.
O’Brien E, Asmar R, Beilin L, Imai Y, Mallion JM, Mancia G. On behalf of the
European society of hypertension working group on blood pressure monitoring.
European society of hypertension recommendations for conventional, ambulatory
and home blood pressure measurement. J Hypertens 2003;21:821-48.

Lakka TA, Venéldinen JM, Rauramaa R, Tuomilehto J, Salonen JT. Relation of
leisure-time physical activity and cardiorespiratory fitness to the risk of acute
myocardial infarction. N Engl J Med 1994;330:1549-54.

Wasenius N, Venojarvi M, Manderoos S, Surakka J, Lindholm H, Heinonen OJ,
Eriksson JG. Unfavorable influence of structured exercise program on total leisure-
time physical activity. Scand J Med Sci Sports 2014;24:404-13.

Solomon SR, Sawilowsky SS. Impact of rank-based normalizing transformations on
the accuracy of test scores. J Modern Appl Stat Methods 2009;8:448-62.
Hotamisligil GS. Inflammation and metabolic disorders. Nature 2006;444:860-7.
Pedersen BK, Akerstrom TC, Nielsen AR, Fischer CP. Role of myokines in exercise
and metabolism. J Appl Physiol 2007;103:1093-8.

Laine MK, Eriksson JG, Kujala UM, Wasenius NS, Kaprio J, Backmand HM,
Peltonen M, Heinonen O, Jula A, Sarna S. Former male elite athletes and risk of
hypertension in late life. J Hypertens 2015;33:1549-54.

Piepoli MF, Hoes AW, Agewall S, Albus C, Brotons C, Catapano AL, et al. 2016
European guidelines on cardiovascular disease prevention in clinical practice: the
sixth joint task force of the European society of cardiology and other societies on
cardiovascular disease prevention in clinical practice. Eur Heart J 2016;37:
2315-81.

Lee DH, Keum N, Hu FB, Orav EJ, Rimm EB, Willett WC, Giovannucci EL. Predicted
lean body mass, fat mass, and all cause and cause specific mortality in men:
prospective US cohort study. BMJ 2018;362:k2575.

Tomlinson DJ, Erskine RM, Morse CI, Winwood K, Onambélé-Pearson G. The
impact of obesity on skeletal muscle strength and structure through adolescence to
old age. Biogerontology 2016;17:467-83.

Hasegawa N, Kuruhara T, Sato K, Homma T, Fujie S, Fujita S, Sanada K,
Hamaoka T, Iemitsu M. Intramyocellular and extramyocellular lipids are associated
with arterial stiffness. Am J Hypertens 2015;28:1473-9.

Guyton AG, Hall JE. Textbook of medical physiology. 9th ed. W.B. Saunders Co;
1996. p. 166.

Korhonen PE, Kautiainen H, Eriksson JG. The shorter the person, the higher the
blood pressure: a birth-cohort study. J Hypertens 2017;35:1170-7.

Sillanpaa E, Cheng S, Hakkinen K, Finni T, Walker S, Pesola A, Ahtiainen J,
Stenroth L, Seldnne H, Sipila S. Body composition in 18- to 88-year-old adults —
Comparison of multifrequency bioimpedance and dual-energy X-ray
absorptiometry. Obesity 2014;22:101-9.


http://refhub.elsevier.com/S0953-6205(21)00148-5/sbref0001
http://refhub.elsevier.com/S0953-6205(21)00148-5/sbref0001
http://refhub.elsevier.com/S0953-6205(21)00148-5/sbref0001
http://refhub.elsevier.com/S0953-6205(21)00148-5/sbref0002
http://refhub.elsevier.com/S0953-6205(21)00148-5/sbref0002
http://refhub.elsevier.com/S0953-6205(21)00148-5/sbref0002
http://refhub.elsevier.com/S0953-6205(21)00148-5/sbref0003
http://refhub.elsevier.com/S0953-6205(21)00148-5/sbref0003
http://refhub.elsevier.com/S0953-6205(21)00148-5/sbref0003
http://refhub.elsevier.com/S0953-6205(21)00148-5/sbref0004
http://refhub.elsevier.com/S0953-6205(21)00148-5/sbref0004
http://refhub.elsevier.com/S0953-6205(21)00148-5/sbref0004
http://refhub.elsevier.com/S0953-6205(21)00148-5/sbref0005
http://refhub.elsevier.com/S0953-6205(21)00148-5/sbref0005
http://refhub.elsevier.com/S0953-6205(21)00148-5/sbref0005
http://refhub.elsevier.com/S0953-6205(21)00148-5/sbref0006
http://refhub.elsevier.com/S0953-6205(21)00148-5/sbref0006
http://refhub.elsevier.com/S0953-6205(21)00148-5/sbref0006
http://refhub.elsevier.com/S0953-6205(21)00148-5/sbref0007
http://refhub.elsevier.com/S0953-6205(21)00148-5/sbref0007
http://refhub.elsevier.com/S0953-6205(21)00148-5/sbref0007
http://refhub.elsevier.com/S0953-6205(21)00148-5/sbref0007
http://refhub.elsevier.com/S0953-6205(21)00148-5/sbref0008
http://refhub.elsevier.com/S0953-6205(21)00148-5/sbref0008
http://refhub.elsevier.com/S0953-6205(21)00148-5/sbref0008
http://refhub.elsevier.com/S0953-6205(21)00148-5/sbref0009
http://refhub.elsevier.com/S0953-6205(21)00148-5/sbref0009
http://refhub.elsevier.com/S0953-6205(21)00148-5/sbref0009
http://refhub.elsevier.com/S0953-6205(21)00148-5/sbref0009
http://refhub.elsevier.com/S0953-6205(21)00148-5/sbref0009
http://refhub.elsevier.com/S0953-6205(21)00148-5/sbref0009
http://refhub.elsevier.com/S0953-6205(21)00148-5/sbref0009
http://refhub.elsevier.com/S0953-6205(21)00148-5/sbref0009
http://refhub.elsevier.com/S0953-6205(21)00148-5/sbref0009
http://refhub.elsevier.com/S0953-6205(21)00148-5/sbref0009
http://refhub.elsevier.com/S0953-6205(21)00148-5/sbref0010
http://refhub.elsevier.com/S0953-6205(21)00148-5/sbref0010
http://refhub.elsevier.com/S0953-6205(21)00148-5/sbref0010
http://refhub.elsevier.com/S0953-6205(21)00148-5/sbref0011
http://refhub.elsevier.com/S0953-6205(21)00148-5/sbref0011
http://refhub.elsevier.com/S0953-6205(21)00148-5/sbref0012
http://refhub.elsevier.com/S0953-6205(21)00148-5/sbref0012
http://refhub.elsevier.com/S0953-6205(21)00148-5/sbref0012
http://refhub.elsevier.com/S0953-6205(21)00148-5/sbref0013
http://refhub.elsevier.com/S0953-6205(21)00148-5/sbref0013
http://refhub.elsevier.com/S0953-6205(21)00148-5/sbref0013
http://refhub.elsevier.com/S0953-6205(21)00148-5/sbref0013
http://refhub.elsevier.com/S0953-6205(21)00148-5/sbref0014
http://refhub.elsevier.com/S0953-6205(21)00148-5/sbref0014
http://refhub.elsevier.com/S0953-6205(21)00148-5/sbref0014
http://refhub.elsevier.com/S0953-6205(21)00148-5/sbref0014
http://refhub.elsevier.com/S0953-6205(21)00148-5/sbref0015
http://refhub.elsevier.com/S0953-6205(21)00148-5/sbref0015
http://refhub.elsevier.com/S0953-6205(21)00148-5/sbref0015
http://refhub.elsevier.com/S0953-6205(21)00148-5/sbref0016
http://refhub.elsevier.com/S0953-6205(21)00148-5/sbref0016
http://refhub.elsevier.com/S0953-6205(21)00148-5/sbref0016
http://refhub.elsevier.com/S0953-6205(21)00148-5/sbref0017
http://refhub.elsevier.com/S0953-6205(21)00148-5/sbref0017
http://refhub.elsevier.com/S0953-6205(21)00148-5/sbref0018
http://refhub.elsevier.com/S0953-6205(21)00148-5/sbref0019
http://refhub.elsevier.com/S0953-6205(21)00148-5/sbref0019
http://refhub.elsevier.com/S0953-6205(21)00148-5/sbref0020
http://refhub.elsevier.com/S0953-6205(21)00148-5/sbref0020
http://refhub.elsevier.com/S0953-6205(21)00148-5/sbref0020
http://refhub.elsevier.com/S0953-6205(21)00148-5/sbref0021
http://refhub.elsevier.com/S0953-6205(21)00148-5/sbref0021
http://refhub.elsevier.com/S0953-6205(21)00148-5/sbref0021
http://refhub.elsevier.com/S0953-6205(21)00148-5/sbref0021
http://refhub.elsevier.com/S0953-6205(21)00148-5/sbref0021
http://refhub.elsevier.com/S0953-6205(21)00148-5/sbref0022
http://refhub.elsevier.com/S0953-6205(21)00148-5/sbref0022
http://refhub.elsevier.com/S0953-6205(21)00148-5/sbref0022
http://refhub.elsevier.com/S0953-6205(21)00148-5/sbref0023
http://refhub.elsevier.com/S0953-6205(21)00148-5/sbref0023
http://refhub.elsevier.com/S0953-6205(21)00148-5/sbref0023
http://refhub.elsevier.com/S0953-6205(21)00148-5/sbref0024
http://refhub.elsevier.com/S0953-6205(21)00148-5/sbref0024
http://refhub.elsevier.com/S0953-6205(21)00148-5/sbref0024
http://refhub.elsevier.com/S0953-6205(21)00148-5/sbref0025
http://refhub.elsevier.com/S0953-6205(21)00148-5/sbref0025
http://refhub.elsevier.com/S0953-6205(21)00148-5/sbref0026
http://refhub.elsevier.com/S0953-6205(21)00148-5/sbref0026
http://refhub.elsevier.com/S0953-6205(21)00148-5/sbref0027
http://refhub.elsevier.com/S0953-6205(21)00148-5/sbref0027
http://refhub.elsevier.com/S0953-6205(21)00148-5/sbref0027
http://refhub.elsevier.com/S0953-6205(21)00148-5/sbref0027

	Both lean and fat body mass associate with blood pressure
	Introduction
	Materials and methods
	Ethical approval
	Statistical analysis
	Results
	Discussion
	Conclusions
	Funding
	Declarations of Competing Interest
	References


