Received: 17 November 2020

'.) Check for updates

Accepted: 15 March 2021

DOI: 10.1111/sms.13955

ORIGINAL ARTICLE

WILEY

Resting metabolic rate is increased in hypertensive patients with
overweight or obesity: Potential mechanisms

Pablo B. Pedrianes-Martin'*

Marcos Martin-Rincon'”

Juan Jose Gonzalez-Henriquez
| Pedro de Pablos-Velasco' | Jose A. L. Calbet'™?

David Curtelin'

'Research Institute of Biomedical and
Health Sciences (IUIBS), Las Palmas de
Gran Canaria, Spain

2Department of Endocrinology and
Nutrition, Hospital Universitario de Gran
Canaria Doctor Negrin, Las Palmas de
Gran Canaria, Spain

3 Department of Physical Education,
University of Las Palmas de Gran
Canaria, Las Palmas de Gran Canaria,
Spain

4Department of Mathematics, University
of Las Palmas de Gran Canaria, Las
Palmas de Gran Canaria, Spain

5 Department of Physical Performance,
Norwegian School of Sport Sciences,
Oslo, Norway

Correspondence

Jose A. L. Calbet, Department of Physical
Education, University of Las Palmas

de Gran Canaria, University Campus

of Tafira, 35017 Las Palmas de Gran
Canaria, Canary Islands, Spain.

Email: lopezcalbet@gmail.com

Funding information

This study was financed by a grant
from the Ministerio de Economia

y Competitividad (P114/01509 and
FEDER), ULPGC (ULPAPD-08/01-4),
and ACIISI (ProID2017010106)

| Ismael Perez-Suarez

3 B |

| Mario Perez-Valera" | David Morales-Alamo

13® | Jose A. Serrano-Sanchez'* ©® |

1,4 | 153

Victor Galvan-Alvarez | Carmen Acosta'” |

The purpose of this investigation was to determine whether differences in body com-
position, pharmacological treatment, and physical activity explain the increased rest-
ing metabolic rate (RMR) and impaired insulin sensitivity in hypertension. Resting
blood pressure, RMR (indirect calorimetry), body composition (dual-energy X-ray ab-
sorptiometry), physical activity (accelerometry), maximal oxygen uptake (VO,max)
(ergospirometry), and insulin sensitivity (Matsuda index) were measured in 174 pa-
tients (88 men and 86 women; 2068 years) with overweight or obesity. Hypertension
(HTA) was present in 51 men (58%) and 42 women (49%) (p = .29). RMR was 6.9%
higher in hypertensives than normotensives (1777 + 386 and 1663 + 383 kcal d”',
p = .044). The double product (systolic blood pressure X heart rate) was 18% higher
in hypertensive than normotensive patients (p < .001). The observed differences in
absolute RMR were non-significant after adjusting for total lean mass and total fat
mass (estimated means: 1702 kcal d_l, CI: 1656—1750; and 1660 kcal d_l, CI: 1611-
1710 keal d™", for the hypertensive and normotensive groups, respectively, p = .19,
HTA X sex interaction p = .37). Lean mass, the double product, and age were the
variables with the higher predictive value of RMR in hypertensive patients. Insulin
sensitivity was lower in hypertensive than in normotensive patients, but these differ-
ences disappeared after accounting for physical activity and VO,,,,,. In summary,
hypertension is associated with increased RMR and reduced insulin sensitivity. The
increased RMR is explained by an elevated myocardial oxygen consumption due to
an increased resting double product, combined with differences in body composition

between hypertensive and normotensive subjects.
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1 | INTRODUCTION

Hypertension has been associated with an increased resting
metabolic rate (RMR)l’2 and insulin res.istance,1 potentially
reflecting sympathetic® and renin-angiotensin overactiva-
tion.* Kunz et al.' reported a 9% higher RMR in obese hyper-
tensive patients (n = 43) compared with obese normotensive
controls (n = 27). However, this increased RMR was only
observed in the hypertensive patients with obesity, while the
non-obese patients with hypertension had a RMR similar to
the normotensive controls.’ Obesity is associated with an in-
creased fat-free mass (FFM) mostly due to a larger skeletal
muscle mass.’ Since FFM is the main determinant of RMR,6
an increased FFM could account for the elevated RMR in
obese hypelrtensives.1 Obesity is commonly associated with
reduced physical activity and cardiorespiratory fitness, facil-
itating the development of insulin resistance and hyperten-
sion.”8 Nevertheless, Kunz et al.' did not check for the impact
that differences in body composition, physical activity, and
cardiorespiratory fitness could have had on their results and
did not distinguish between treated and untreated hyperten-
sive patients in their analyses. Likewise, an association be-
tween systolic blood pressure and RMR has been reported in
a diverse sample including mostly normotensive young men
and women of African ori gin,2 but no distinction was made in
this study between obese and non-obese patients.

Moreover, no apparent impact of co-morbidities on the
predicted RMR has been reported in cross-sectional studies.”
It remains unclear whether the association between hyper-
tension and RMR is due to differences in body composition,
reduced physical activity and cardiorespiratory fitness, or
hypertension-related metabolic alterations. Since myocardial
oxygen uptake (MVO,) accounts for 11% of the RMR," any
small increase in resting heart rate or systolic blood pressure
could result in an increased energy expenditure,“ which could
also contribute to explain an increased RMR in hypertensive
patients. Furthermore, previous studies have not taken into
consideration the potential confounding effects of pharma-
cological treatments on the association between hypertension
and resting metabolic rate in obese patients, except for beta-
blockade which has been reported to reduce RMR.!

Therefore, the primary aim of the present investigation
was to determine whether the reported increased RMR in
hypertensive patients with obesity is mostly accounted for
by differences in body composition when compared with
normotensives from the same population. Another aim was
to find out whether an increased MVO, could contribute to
explain a higher RMR in hypertensive patients. We hypothe-
sized that hypertensive overweight and obese patients would
have an increased RMR, explained mainly by differences in
FFM and fat mass (FM), physical activity, cardiorespiratory
fitness, and MVO,, with no repercussion of pharmacological
treatment in the observed relationships.

2 | METHODS

2.1 | Study design and participants

The study population was composed of 174 patients (88
men and 86 women) with overweight or obesity from Gran
Canaria, who agreed to participate in a registered clinical
trial (ISRCTN11049554) to reduce their body weight with
exercise and a low-calorie diet. The following inclusion cri-
teria were applied: (A) sex: men and women; (B) age: 18 to
70 years old; (C) body mass index (BMI) > 27 kg m~% (D)
no medical contraindications to exercise; (E) smoking less
than 6 cigarettes per day; and (F) in case of glucose intoler-
ance or type 2 diabetes patients were only admitted if diag-
nosed within the last 5 years. Further details on inclusion/
exclusion criteria can be found in the ISRCTN registry. The
starting cross-sectional data were recorded between June and
October 2016. The study was performed conforming to the
Declaration of Helsinki after ethical approval (Ref. 140187).
Before given their written consent, the volunteers were in-
formed about the purposes, risks, and benefits of the study.
Ninety-three patients (51 men and 42 women) had hyperten-
sion, of whom 21 men and 23 women were under pharma-
cological treatment. Ten men (M) and 13 women (W) were
smokers. Six men and 4 women had type 2 diabetes (6 of
them controlled with metformin and 4 with diet and exer-
cise). Three men and 8 women had asthma requiring only
sporadic treatment with inhalers. Hypertensive patients re-
ceived pharmacological treatment with diuretics (SM/12W
receiving angiotensin-converting enzyme inhibitors com-
bined with diuretics and 3M/9W were treated with angioten-
sin receptor blockers combined with diuretics), beta-blockers
(3M/4W), calcium channel blockers (SM/5W), angiotensin-
converting enzyme inhibitors or angiotensin receptor block-
ers (17M/14W, of which 3M/9W also received diuretics).
Statins (8M/7W) and fenofibrate (1M) were administered to
16 patients with hypercholesterolemia. Nine women were on
oral contraceptives, and 20 women were postmenopausal.

2.2 | General procedures

The general procedures have been previously published.12
Subjects were asked to refrain from exercise and avoid drink-
ing beverages containing alcohol, caffeine, or taurine for the
48 h preceding blood sampling and testing. After a 12-h over-
night fast, participants reported to the laboratory between
07:00 and 09:30 a.m. Then, their body weight and height
were measured to the nearest 0.1 kg and 0.1 cm, respec-
tively, while subjects wore light clothes and no shoes, using
a balance scale (Seca) calibrated using certified calibration
masses of class M1. This was followed by the assessment of
their body composition by dual-energy X-ray absorptiometry
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(Lunar iDXA, General Electric), as previously reported.13
After that, their blood pressure was measured in triplicate
(Omron M3 Intellisense HEM-7131-E) after a 5 min seated-
period following the recommendations of the American
Heart Association.'* After that, their RMR was determined
by indirect calorimetry (see below). Resting heart rate (HR)
was recorded continuously with a 12-lead PC-ECG extension
of the metabolic carts. Upon termination of the RMR assess-
ment, a 22-G cannula was inserted retrogradely in a heated
hand vein, and basal blood samples were obtained. Then,
they ingested 75 g of glucose dissolved in 300 ml of water to
assess their glucose tolerance (2-h test with sampling at 0, 30,
60, 90, and 120 min). This was followed by an incremental
cycle ergometer exercise test until exhaustion to determine
their VO,

2.3 | Resting metabolic rate

The RMR was determined by indirect calorimetry (Vmax
N29; SensorMedics or Vyntus CPX;Jaeger-CareFusion)
while the subjects rested quietly in the supine position for
30 min at an ambient temperature of 23-26°C, as reported
elsewhere.'” The metabolic carts were calibrated immedi-
ately before each test according to the manufacturer's in-
structions, using certified high-grade calibration gases. The
Vmax N29 SensorMedics has been validated for indirect
calorimetry by the ethanol-burning test.”® In our laboratory,
both metabolic carts slightly overestimated the stochiometric
respiratory quotient of butane combustion, the Vmax N29 by
2.8% and the Vyntus by 1.5%, with a coefficient of varia-
tion below 1% in both cases.'® All Vyntus CPX data were
converted into Vmax N29 data, using data obtained with
both analyzers for cross-calibration. Oxygen uptake (VO,)
and carbon dioxide production (VCO,) were recorded breath
by breath for 20 min after an initial 10-min habituation pe-
riod using a face mask. Breath-by-breath data were averaged
every 20 s. All 20-s averages with VO, values deviating from
the mean more than two SD were discarded. Then, the mean
VO, and VCO, values recorded during a 10-min period with
steady VO, were averaged to calculate the daily resting en-
ergy expenditure.17

2.4 | Maximal oxygen uptake

All volunteers performed an incremental exercise test until
volitional exhaustion with verification '® on a cycle ergom-
eter (Corival, Lode). The exercise test started at 20W for
3 min, followed by 10W increments every 3 min until the
respiratory exchange ratio (RER) was >1.00. After that, the
cycle ergometer was unloaded, and subjects were allowed
to recover for 2 min while remaining seated on the cycle
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ergometer pedaling at a low cadence (40-50 rpms). After
that, the exercise intensity was raised to the same intensity at
which the RER of 1.00 was attained, and maintained for one
minute. Then, the intensity was increased by 10W (women)
or I15W (men) every minute until exhaustion. Upon exhaus-
tion, the ergometer was unloaded while the subjects recov-
ered pedaling at a low cadence (40-50 rpm). At the 3 min
of the recovery phase, a verification phase was initiated by
bringing the ergometer to the intensity at which exhaustion
had occurred in the previous phase +5W for 1 min, contin-
ued by 5/4W increments in men/women, respectively, every
20 s until exhaustion. During the exercise test, subjects were
advised to maintain the pedaling cadence at 70 + 5 rpm.
Ergospirometric variables were averaged every 20 s, and the
highest 20-s averaged VO, values recorded during the entire
test were taken as the VOQmaX.19 The VO,,,,, results are re-
ported in absolute values (ml min~") and normalized to body
mass (ml kg_1 min~! and normalized for RMR, ie, as METS).

2.5 | Physical activity

Physical activity was registered during four consecu-
tive days, including two weekend days, using a Garmin
Vivofit activity tracker wore on the non-dominant wrist
(micro-electromechanical triaxial accelerometer) (Garmin
International Inc).

2.6 | Statistical analysis

Variables were checked for Gaussian distribution using
the Kolmogorov-Smirnov test, and when appropriate, data
were transformed logarithmically before further analysis.
A chi-square test was used to determine whether there was
a difference in the prevalence of hypertension between
sexes, as well as if there was a difference in the percent-
age of pharmacologically treated hypertensives by sex.
General characteristics of men and women were compared
using an unpaired t test (reported in Table 1). Groups were
categorized according to hypertension in three categories
(treated, untreated, normotensive). Hypertensive groups
were checked for differences in RMR using ANOVA (re-
ported in Tables 2 and 3). This analysis was followed by
ANCOVA, with FFM and FM as covariates and hyperten-
sion (treated, untreated, and absent) and sex (male and fe-
male) as between-subject factors. Additional ANCOVA
analyses were performed considering age and physical
activity or VO, .« (as an index of cardiorespiratory fit-
ness) as covariates. The same approach was also carried
after collapsing the untreated and treated hypertensive pa-
tients into a single group, to check for differences between
normotensive and hypertensive patients, regardless of
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TABLE 1 Characteristics of the study population

Men (n = 88) Women (7 = 86)
Mean + SD Range (min-max) Mean + SD Range (min-max) p-value
Age (years) 40.8 +9.3 22.0 67.9 42.6 +10.4 19.8 65.2 .23
Weight (kg) 105.2 + 13.0 80.8 144.9 86.4 + 10.5 70.8 135.1 <.001
Height (cm) 177.0 £ 6.5 161.1 190.4 1623 +5.5 149.9 177.5 <.001
BMI (kg m %) 33.5+3.0 26.9 41.3 32.7+29 27.7 45.4 .09
Body fat (%) 370+ 4.6 26.3 51.3 46.9 +£3.7 38.9 56.1 <.001
Total lean mass (kg) 62.8 + 8.0 48.1 89.7 432 +44 33.1 56.4 <.001
VO, (ml min™") 2563 + 678 1193 3841 2035 + 608 1077 4030 <.001
VO, (ml kg™ 24.6 + 6.8 10.2 42.8 239 + 8.1 13.3 52.1 .553
min_')
METS (VOyax 9.6 +29 4.7 16.8 10.1 + 3.8 4.9 24.3 .33
RMR™)
Distance (km d~') 75+33 1.4 19.1 6.8 +2.7 2.0 13.8 13
Steps per day 11 160 + 3731 1767 24 044 11 491 + 3455 5345 21747 .55

Note: Analysis based on unpaired ¢ test.

Abbreviations: BMI, body mass index; Distance, distance walked or run every day; METS, metabolic equivalents achieved during the incremental exercise to
exhaustion; RMR, resting metabolic rate; Steps ™', number of steps performed every day.

pharmacological treatment. Multiple stepwise linear regres-
sion was used to determine which variable had predictive
value for RMR in patients with and without hypertension.
Values are reported as the mean =+ standard deviation (SD)
unless otherwise stated. Statistical significance was set at
p < .05. All statistical analyses were performed using IBM
SPSS Statistics v.21 for Mac (SPSS Inc).

3 | RESULTS

The descriptive characteristics of the study population are re-
ported in Tables 1 and 2. The prevalence of hypertension was
similar in both sexes (p = .29), and non-significant differ-
ences were observed in the proportion of hypertensive men
and women under pharmacological treatment (p = .22). Men
and women had similar age and BMI, while women had a
greater percentage of body fat than men. Compared to the
normotensive volunteers, the hypertensive had a 15% and
13% higher diastolic and systolic arterial blood pressure val-
ues, respectively (p < .001). Men had a slightly better aerobic
fitness than women when the VO, .. was normalized to total
lean body mass. Ninety-three subjects had hypertension, of
which 44 were under pharmacological treatment, while the
rest were not taking drugs. The 81 additional participants
had normal resting blood pressure (Table 3). Despite the
pharmacological treatment, the resting BP values were el-
evated in the treated group, so the BPs of both hypertensive
groups were similar. Resting heart rate was slightly higher
in the hypertensive compared to the non-hypertensive sub-
jects (66.0 + 8.9 and 63.4 + 7.8 beats min_l, p = .047), as

was the double product (systolic blood pressure X heart rate)
(Table 3).

Insulin sensitivity, as reflected by the resting fasting glu-
cose concentration, the disposition index and the Matsuda
index were slightly impaired in the hypertensive patients
under treatment, while the insulinogenic index was similar
in the three groups (Table 3). The differences in insulin sen-
sitivity disappeared after accounting for lean body mass, fat
mass, age and physical activity (distance walked every day)
(for resting fasting glucose concentration p = .17, HTA X
sex interaction p = .81; disposition index p = .28, HTA X
sex interaction p = .60; Matsuda index p = .17, HTA X sex
interaction p = .49). Similar results were obtained after ac-
counting for lean body mass, fat mass and cardiorespiratory
fitness (VO,,y in ml kg LM~ min™") (for resting fasting glu-
cose concentration p = .08, HTA X sex interaction p = .62;
disposition index p = .14, HTA X sex interaction p = .75; and
Matsuda index p = .07; HTA X sex interaction p = .30).

Since no significant differences were observed in RMR
values between treated and untreated hypertensive patients, the
two hypertensive groups were collapsed into a single hyper-
tensive group and compared with the normotensive patients.
In absolute values, the RMR was 6.9% higher in the hyperten-
sive than normotensive group (1777 + 86 and 1663 + 383 kcal
d', p = .044). The observed differences in absolute RMR
were non-significant after adjusting for total lean mass and
total fat mass (estimated means: 1702 kcal d_l, CI: 1656—
1750 and 1660 kcal d™', CI: 1611-1710, for the hypertensive
and normotensive groups, respectively, p = .19, HTA X sex
interaction p = .37). Adding the age (ANCOVA HTA effect
p = .05), or distance walked daily (ANCOVA HTA effect
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TABLE 2 Body composition, fitness, and physical activity

ANOVA
Treated HTA Untreated HTA Normal BP S x
(M/W: 21/23) (M/W: 30/19) (M/W: 37/44) HTA Sex HTA
Age (years) M 46.9 + 8.7%" 414 +9.4% 368 +7.6 0.001 0.42 0.23
W 457 + 104 41.8 + 109 413 +10.1
Weight (kg)* M 106.0 + 14.5 105.8 + 11.5 104.3 + 13.6 0.34 0.001 0.64
W 85.7 + 13.3° 89.6 + 10.0° 85.5 + 8.9°
Height (cm) M 1772 +7.7 176.4 + 7.0 1773 £ 5.4 0.72 0.001 0.39
w 160.9 +5.7° 163.5 £ 5.6° 162.5 + 5.3
BMI (kg m™2)?* M 33.6+2.5 340425 33.1+35 0.13 0.17 0.98
W 33.0+3.5 334425 323 +2.6
Body fat (%) M 36.9 + 3.7 38.0+5.0 36.2 + 4.7 0.21 0.001 0.73
A4 475 + 44 473 +3.6° 46.5 +3.4°
Total lean mass (kg) M 638 +11.1 62.0 + 6.4 62.8+7.1 0.96 0.001 0.33
W 42 +51° 445 + 4.6° 43.1 £3.9°
VO, (ml min™) M 2788 + 607 2764 + 454 2937 + 506 0.08 0.001 0.15
W 1641 + 325° 1899 + 391° 1791 + 325°
VO, (ml kg™ M 262 +4.2 26.3 + 4.8 28.5+5.7 0.05 0.001 0.35
min™") W 19.3 + 3.9¢ 212435 210437
VO, (ml kg LM™! M 437 +62 448 +72 470+79 0.06 0.001 0.43
min~") w 38.8 +6.4° 425+59 415+59°
Distance (km d™) M 7.6 +3.0 7.8+2.8 7.1 +3.7 0.67 0.04 0.13
W 6.0 +2.6 6.1 £22 74428
Steps per day M 11 504 + 3016 11258 + 3517 10 897 + 4278 0.71 0.95 0.28

<

10 990 + 3426

10 648 + 2423

12 130 + 3787

Abbreviations: BMI, body mass index; HTA, hypertension; LM, whole-body lean mass; M, men; VO, .., maximal oxygen uptake; W, women.

“Statistical analysis after logarithmic transformation. Based on ANOVA (no covariates introduced), HTA: main effect for blood pressure group; Sex: main effect for

differences between men and women; S X HTA: sex by blood pressure interaction.
$p < .05 compared to the normal pressure group.
*Compared to the untreated hypertensives.

$p < .05 women compared to men.

p = .40), or VO,,,.« (in ml kg LM~ min~') (ANCOVA HTA
effect p = .12) or age and distance walked daily (ANCOVA
HTA effect p = .16), or age and VO,,,,, (ANCOVA HTA ef-
fect p = .07), did not change significantly the results obtained.
Moreover, no significant HTA X sex interactions were ob-
served for adjusted RMRs. The same type of analysis restricted
to subjects with BMI > 30 kg m™> yielded similar results, that
is, non-significant differences in RMR between normotensive
and hypertensive obese subjects regardless of treatment status.

Multiple regression analysis indicates that the variable
with the highest predictive value of RMR in hypertensive
and normotensive patients was the whole-body lean mass
(Table 4). Age was a negative predictor for RMR in both
groups (Table 4). In hypertensive patients, the double prod-
uct also had predictive value for the RMR. When all patients
were analyzed combined, the whole-body fat mass was also a
contributing factor to RMR (Table 5).

4 | DISCUSSION

This study shows that overweight and obese patients with
hypertension have a 7% higher RMR in absolute values
compared to overweight and obese patients of similar char-
acteristics without hypertension. However, no significant
differences in RMR were observed between the two groups
after accounting for interindividual differences in lean mass,
fat mass, age, physical activity, and cardiorespiratory fitness.
We have also shown that hypertensive patients with over-
weight or obesity have an increased double product at rest,
which explains the observed increased RMR partly. This
may reflect an increased sympathetic overactivation® not
sufficiently counteracted by the medical treatment. Overall,
these findings indicate that hypertension per se has a mini-
mal impact on RMR, which is primarily explained by the in-
creased myocardial VO, at rest, due to the increased work of
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TABLE 3 Blood pressure, metabolic variables, and resting energy expenditure

Treated HTA Untreated HTA Normal BP ANOVA
(M/W:21/23)  (M/W: 30/19) (M/W: 37/44) HTA  Sex S x HTA

Systolic BP (mmHg) M 139 + 16° 134 + 12° 122+ 8 0.001 027 0.49
w 132 + 1951 133 + 1051 117 £7°

Diastolic BP (mmHg) M 86 + 11° 86 + 9° 75 +6 0.001  0.09 0.86
W 83 + 12 84 + 451 73+6

MAP (mmHg) M 104 + 11% 102 + 8° 90 + 6 0.001  0.03 0.72
w 99 + 141 100 + 51 87 +6

Resting HR (beats min ") M 67.3 + 124 653 + 8.3 62.4 + 8.8 0.07 0.68 0.12
w 63.8+7.2 68.5 + 6.9 64.3 + 6.8

Double product (Beats M 9412 + 2502° 8716 + 1307° 7589 + 1186 0.001 049 0.13

min~' mmHg) w 8443 + 1695%1 9113 + 12731 7500 + 899

Plasma glucose (mM)* M 5.7+0.7 55+0.7 54+0.5 0.02 0.001 0.83
% 5.3 + 0.5 5.2+ 0.61 5.0 + 0.4°

Plasma insulin (pU m1~") M 104 + 4.5 9.7+5.0 9.8+7.7 0.18 0.32 0.69
w 9.6+5.5 9.8 +5.4 7.7+3.5

HOMAIR? M 27+15 24+ 14 24+18 0.08 0.11 0.66
W 23+ 14 23+12 1.7+08

Insulinogenic index” M 0.75 £ 0.57 0.81 +0.68 1.03 +£0.83 0.75 0.77 0.69
Y% 0.82 + 0.56 0.90 + 0.50 0.91 +0.83

Disposition index® M 23+15° 3.0+2.4 36+18 0.02 0.08 0.85
% 3.1 +2.11 37+25 45+44

Matsuda® M 35417 42424 4.6+28 0.01 0.06 0.57
Y% 4.0+ 1.7% 45+23 57+2.8

RMR (kcal d)?* M 2016 + 449 1943 + 229 1924 + 337 0.06 0.001 0.8
% 1450 + 297° 1647 + 284%1 1444 + 266°

RMR (kcal LM~ d™") M 31.7+4.7 31.5+3.1 30.7 +4.5 0.04 0.001 029
Y% 343 +5.5° 36.9 + 4.4% 335 +5.1°

Abbreviations: BP, blood pressure; HTA, hypertension; LM, whole-body lean mass; M, men; MAP, mean arterial pressure; RMR, resting metabolic rate; W, women.

“Statistical analysis after logarithmic transformation. Based on ANOVA (no covariates introduced), HTA: main effect for blood pressure groups; Sex: main effect for

differences between men and women; S X HTA: sex by blood pressure interaction.
S;p < .05 compared to the normal pressure group.
$p < .05 women compared to men.

Ip < .05 both genders combined compared to the normal pressure group.

the heart caused by the elevated resting heart rate and systolic
blood pressure.

4.1 | Hypertension per se has a small
repercussion on resting metabolic rate

The prevalence of hypertension in our study population
(53%) was slightly higher than reported for the Spanish
adult population (43%).2° Assuming a type 2 error, a 2%-3%
higher RMR after accounting for lean and fat mass, could
be ascribed to hypertension. This possibility is supported by
the fact that the double product was a predictive variable for

the RMR only in the hypertensive population. Our findings
are in agreement with the pioneering study of Kunz et al.!
who observed a 9% higher RMR in obese hypertensive pa-
tients (n = 43) compared with obese normotensive controls
(n = 27). However, Kunz et al.' did not check for the impact
that differences in lean and fat mass could have had on their
results and did not distinguish between treated and untreated
hypertensives.

In the present investigation, we have observed that the
double product measured at rest has predictive value for
RMR in hypertensive patients. This is expected since the
myocardial O, uptake (MVO,) is proportional to the double
product'! and accounts for 11% of RMR in healthy humans. '
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TABLE 4 Stepwise multiple regression models predicting resting energy expenditure in overweight or obese patients with or without

hypertension
Unstandardized Standardized
coefficients coefficients
Variables in the Std. Adjusted R
Model equation B error Beta t p values R R square square SEE
Hypertensive patients (n = 93)
1 (Constant) —0.404 0.303 —1.334 17 78 .61 .61 0.059
Log LM (g) 0.772 0.064 0.783 12.025 .001
2 (Constant) —-0.133 0.301 —0.441 .66 .81 .65 .65 0.056
Log LM(g) 0.732 0.062 0.743 11.734 .001
Age (years) —-0.002 0.001 —-0.203 -3.202 .002
3 (Constant) -0.772 0.391 -1.971 .05 .82 .68 .66 0.055
Log LM (g) 0.722 0.061 0.733 11.873 .001
Age (years) —0.002 0.001 -0.216 —3.487 .001
Log DP (beats 0.175 0.071 0.149 2.46 .02
min”~!
mmHg)
Normotensive patients (n = 81)
1 (Constant) -0.573 0.365 -1.572 12 759 .56 .57 0.064
Log LM (g) 0.804 0.077 0.759 10.376 .001
2 (Constant) —0.932 0.362 —2.572 .01 792 .63 .62 0.061
Log LM (g) 0.842 0.074 0.795 11.347 .001
Resting EIR (beat 0.003 0.001 0.226 3.223 .002
min~ )

Note: Dependent variable: Logarithm of RMR (kcal d™"); for model 3, the following variables were excluded from the equation: Log FM, Resting HR, and Log BPsys.
Dependent variable, Logarithm of RMR (kcal d™"); For model 2, the following variables were excluded from the equation: Log FM, Age, Log BPsys, and Log DP.

Abbreviations: BPsys, Systolic blood pressure; DP, double product; FM, whole-body fat mass; LM, whole-body lean mass; Log, logarithm; SEE, standard error of

estimate.

By applying the equation of Hoeft et al.,'' we have estimated
that the hypertensive patients had 1.3 ml min~' 100 g_l
higher MVO, than the normotensive, which is equivalent to a
15% higher MVO, at rest. The latter would add 21 kcal d'to
the RMR (equal to a 1.2% higher RMR). These calculations
assume minimal differences in heart mass between groups,
after accounting for body size.”!

Although not measured here, sympathetic overactivity has
also been suggested as a contributing factor to enhancing RMR
in hypertension and obesity,zz’23 as supported by epidemiolog-
ical data.*% However, after accounting for the direct effect of
MVO, on RMR, other factors not directly associated with lean
mass and fat mass could at best explain about 50% of the differ-
ence in RMR between hypertensive and normotensive.

4.2 | Fat mass explains part of the
differences in RMR due to hypertension

Both the analysis of covariance and the multiple regression
analysis, indicate that fat mass contributes significantly to the

RMR, explaining part of the 7% greater RMR observed in
the patients with hypertension. An increased fat mass may
raise the RMR directly due to the VO, of the adipocytes,
which becomes more physiologically relevant the higher
the fat mass.'*% Indirectly, the fat mass may rise the RMR
through the central effects of hyperlc:iptinf:mial,27’28 which
stimulates sympathetic activity29 and induces the activation
of hypothalamic-pituitary-thyroid axis increasing the circu-
lating levels of thyroid hormones.'*3%2

4.3 | Hypertension is associated with
insulin resistance

In agreement with the seminal study of Kunz et al.,' the
hypertensive patients studied here had lower insulin sen-
sitivity than the normotensive; nevertheless, these differ-
ences were attenuated and even disappeared in the case of
the Matsuda index, after accounting for physical activity or
cardiorespiratory fitness. However, in contrast with Kunz
et al.,! non-significant differences were noted here between



1468
—I—Wl LEY

PEDRIANES MARTIN ET AL.

TABLE 5 Stepwise multiple regression models predicting resting energy expenditure in overweight or obese patients (all patients analyzed

conjointly, n = 174)

Unstandardized Standardized
coefficients coefficients
Variables in the Std. Adjusted R
Model equation B error Beta t p values R R square  square SEE
1 (Constant) -0.516 0.235 -2.197 .029 77 .60 .59 0.062
Log LM (g) 0.794 0.05 0.772 15.941 .001
2 (Constant) —1.08 0.266 —4.063 .001 .79 .63 .63 0.059
Log LM (g) 0.724 0.051 0.705 14.259 .001
Log FM (g) 0.205 0.051 0.197 3.993 .001
3 (Constant) —1.657 0.318 -5.209 .001 .81 .65 .65 0.058
Log LM (g) 0.728 0.05 0.708 14.682 .001
Log FM (g) 0.176 0.051 0.169 3.44 .001
Log DP (beats 0.177 0.056 0.145 3.13 .002
min™~! mmHg)
4 (Constant) —1.568 0.313 -5.014 .001 .82 .67 .66 0.057
Log LM (g) 0.703 0.049 0.684 14.281 .001
Log FM (g) 0.175 0.05 0.169 3.512 .001
Log DP (beats 0.198 0.056 0.162 3.557 .001
min~! mmHg)
Age (years) —0.001 0 —0.134 —2.943 .004

Note: Dependent variable, Logarithm of RMR (kcal d™"); For model 4, the following variables were excluded from the equation: Resting HR and Log BPsys.

Abbreviations: BPsys, Systolic blood pressure; DP, double product; FM, whole-body fat mass; LM, whole body lean mass; Log, logarithm; SEE, standard error of

estimate.

hypertensives and normotensives in resting insulin concen-
trations, after accounting for lean and fat mass. Given the
impact that physical activity has on insulin sensitivity,33’34
our results emphasize the importance of increasing physical
activity in hypertensive patients to attenuate the effect of hy-
pertension on insulin sensitivity.

Hypertension may reduce insulin sensitivity by multiple
mechanisms, including impairment of endothelial function
and insulin transport across the endothelium,*>-° impair-
ment of organ blood flow and microvascular blood flow
regulation in response to nutrients,””*® reduced nitric oxide
bioavailability, and micro- and macrovascular disease.>*™
On the other hand, insulin resistance facilitates the devel-
opment of hypertension by multiple mechanisms.**404?
The most direct link is the well-established stimulation of
the sympathetic drive by hyperinsulinemia.43’44 Besides,
chronic inflammation, oxidative stress, and activation of
the renin-angiotensin-aldosterone system further facili-
tate initiation and maintenance of hypertension.****** On
the other hand, physical activity acutely improves insulin
sensitivity, and regular exercise induces adaptations coun-
teracting most of the pathophysiological mechanisms in-
volved in the development of insulin resistance and to some
extent, hypertension.46 In agreement, after accounting
for physical activity, the observed impairment in insulin

sensitivity in the hypertensives was much attenuated in the
present investigation.

4.4 | Limitations

The current observations are based on a cross-sectional
study. Nevertheless, in contrast with previous studies, we
assessed body composition, cardiorespiratory fitness, and
physical activity with state-of-the-art methods. Although
no significant differences were observed in RMR between
treated and untreated hypertensive patients, we cannot rule
out a reduction of RMR in the hypertensive patients with a
more intense or different pharmacological treatment. For ex-
ample, beta-blockers could reduce RMR by lowering rest-
ing heart rate and counteracting the effects of sympathetic
overactivation."*’

In summary, the present study indicates that hypertension
is associated with increased RMR and reduced insulin sen-
sitivity. Our research demonstrates that the increased resting
metabolism is explained primarily by an increased myocar-
dial oxygen consumption due to the elevated resting double
product, combined with differences in body composition be-
tween hypertensive and normotensive. The reduced insulin
sensitivity in hypertensive patients was mostly accounted for
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by differences in body composition, physical activity, and
cardiorespiratory fitness.

5 | PERSPECTIVE

Future studies should address whether changes in resting
double product elicited by exercise training or pharmacologi-
cal treatments modify the resting metabolic rate and energy
balance. Since the reduced insulin sensitivity observed in
hypertensive patients is accounted for by cardiorespiratory
fitness and physical activity, both variables could be easily
improved by exercise prescription. Since the results here re-
ported were obtained in young and middle-aged Caucasians,
future studies should also examine whether RMR is also
increased in hypertensives of other ethnicities and elderly
patients.
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