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Abstract: Background: Left ventricular hypertrophy (LVH) is associated with impaired cardiorespiratory fitness (CRF), 
a surrogate marker of poor outcome. Insulin resistance (IR) plays a central role in all stages of cardiovascular dis-
ease continuum. This study evaluates IR-related differences in the relationship between left ventricular mass (LVM) 
and CRF in asymptomatic newly diagnosed hypertensive Black sub-Saharan Africans. Methods: In this cross-section-
al observational study, 126 asymptomatic newly diagnosed hypertensive participants (50.5 ± 9.5 years) underwent 
comprehensive resting transthoracic echocardiographic examination and maximal incremental cardiopulmonary 
exercise test (CPET). CRF was estimated in maximal oxygen uptake (VO2max). CPET results were compared between 
participants with and without LVH. Multivariate analysis examined the influence of IR on the observed differences. 
Results: Those with LVH had lower VO2max (15.7 ± 5.5 mL min-1 kg-1 vs. 18.4 ± 3.7 mL min-1 kg-1; P = 0.001) than 
those without LVH. In patients with IR, LVM (r = -0.261, P = 0.012), LVM indexed to body surface area (LVMIbsa; 
r = -0.229, P = 0.027), and LVM indexed to height to an allometric power of 2.7 (LVMIh2.7; r = -0.351, P = 0.001), 
and VO2max were negatively correlated. In hypertensive patients without IR, these same parameters and VO2max 
have no significant correlation. Body mass index (BMI), LVM, and LVMIbsa emerged as independent determinants 
of VO2max, explaining 46.9% of its variability (overall P = 0.001) in IR participants, a relationship not found in par-
ticipants without IR. Conclusions: IR may participate in the deterioration of CRF associated with LVH. Measures to 
improve insulin sensitivity should be considered for improving CRF and therefore the prognosis of insulin-resistant 
hypertensive patients. Targeting IR in hypertensive patients with LVH could improve prognosis.

Keywords: Cardiorespiratory fitness, cardiopulmonary exercise test, insulin resistance, left ventricular hypertrophy, 
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Introduction

Insulin resistance (IR) and left ventricular 
hypertrophy (LVH) are associated with hyper-
tension [1, 2]. Insulin resistance plays a major 
role in the genesis of arterial hypertension, left 
ventricular hypertrophy, and cardiovascular dis-
ease in general. 

The link between IR and hypertension was ini-
tially highlighted by Welborn et al. [3] then later 
confirmed by the European Group for the IR 

Study [4]. IR and compensatory hyperinsu-
linemia are thought to play a major role in the 
genesis of hypertension by multiple and com-
plex mechanisms, in particular by an increased 
reabsorption of sodium in the renal tubules, a 
sympathetic hyperstimulation and a decrease 
in vascular compliance via an increased calci-
um concentration in vascular smooth muscle 
cells [1].

During hypertension, the heart undergoes left 
ventricular remodeling which consists of a 
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series of changes in its size, shape and func-
tion [5]. LVH, one of the phenotypes of this 
remodeling, has poor prognostic value [6-8]. Its 
genesis would be multifactorial because it is 
due, not only to the barometric overload linked 
to arterial hypertension, but also to metabolic 
factors including IR. Indeed, IR and compensa-
tory hyperinsulinemia, independently of their 
effect on systemic blood pressure, have been 
shown to promote cardiomyocyte hypertrophy 
and matrix deposition, either directly or through 
stimulation of the Renin Angiotensin System 
and the Sympathetic Nervous System [9, 10]. 
Studies have shown that IR contributes to the 
development of LVH and left ventricular dys-
function. However, the role of IR in the patho-
physiology of LVH is controversial. Some stud-
ies have shown that IR is independently 
associated with LVH [11, 12]. Others, however, 
have not found such an association [13, 14]. In 
a case-control study, we recently found that IR 
increased the risk of LVH eight-fold in asymp-
tomatic Black sub-Saharan African hyperten-
sive patients [15]. 

IR plays a central role in all stages of cardiovas-
cular disease continuum, from the develop-
ment of risk factors to the onset of cardiovascu-
lar events and death. It is indeed involved in the 
genesis of dyslipidemia [16, 17], essential 
hypertension [18], diabetes mellitus [19], 
hyperuricemia [20], and endothelial dysfunc-
tion [21, 22]. In hypertensive patients, IR is 
associated with the development of hyperten-
sion-mediated organ damage, including LVH 
[12], microalbuminuria [23], benign nephroan-
giosclerosis [24], intima-media thickness [25], 
carotid plaque [26], arterial stiffness [27], and 
peripheral arterial disease [28]. In addition, 
although IR is associated with traditional risk 
factors, it may independently influence the 
occurrence of cardiovascular events, including 
stroke [29], acute coronary syndrome [30], 
heart failure [31], and sudden cardiac death 
[32]. Moreover, IR is associated with cardiovas-
cular and all-cause mortality [33]. It appears, 
therefore, that IR is either the main culprit or an 
accomplice at every step of cardiovascular dis-
ease continuum in general and hypertensive 
heart disease in particular. Echocardiographic 
LVH is known to be a powerful, independent 
risk factor of cardiovascular morbidity and mor-
tality in essential hypertension, even after 
adjusting for age, smoking, obesity, blood pres-

sure (BP), pulse pressure, treatment and level 
of hypertension control, diabetes mellitus, lipid 
abnormalities, and so forth [34]. However, 
whether this association is independent of IR 
remains unclear.

A cardiopulmonary exercise test (CPET) pro-
vides several parameters with proven prognos-
tic value. Among these parameters, cardiore-
spiratory fitness (CRF) has a predictive value of 
all-cause mortality in both normal subjects and 
subjects with cardiovascular disease [35] and 
in all age categories [36] and genders [37], as 
well as in virtually all patient populations, inde-
pendent of other traditional risk factors [38]. It 
can then be used to estimate the risk of mor-
bidity and mortality.

The present study aims to evaluate IR-related 
differences in the relationship between left 
ventricular mass (LVM) and CRF in asymptom-
atic newly diagnosed hypertensive Black sub-
Saharan Africans.

Materials and methods

We performed a cross-sectional multicentric 
analysis of data from 126 nondiabetic partici-
pants with newly diagnosed essential hyper- 
tension. Participants were consecutively select-
ed during outpatient consultations at five hos-
pitals with individualized cardiology units 
(University Hospital of Kinshasa, the General 
Provincial Reference Hospital of Kinshasa, the 
Centre Médical de Kinshasa (CMK), the Lomo-
Médical Clinic, and the Ngaliema Clinic) in 
Kinshasa, the capital of the Democratic 
Republic of the Congo, from October 1 to 
December 27, 2019.

Anamnestic data were collected in each of the 
five aforementioned recruitment hospitals by 
trained interviewers. Whereas anthropometric, 
echocardiographic, carbohydrate homeostasis, 
and CPET parameters were obtained at CMK, 
the only cardiology center in central Africa 
where CPET is performed.

Patient selection

The study entry criterion was an age of 20 years 
and older, newly diagnosed hypertension and 
the absence of clinical, imaging, and biology 
evidence of secondary hypertension and renal 
or hepatic disease. The selected patients were 



Insulin resistance, left ventricular hypertrophy, and cardiorespiratory fitness

589 Am J Cardiovasc Dis 2021;11(5):587-600

invited to sign written informed consent forms 
to participate in this study and underwent com-
prehensive carbohydrate homeostasis test, 
echocardiography and CPET. Patients diag-
nosed with heart disease unrelated to hyper-
tension were excluded from the study.

Overall, 161 consecutive asymptomatic newly 
diagnosed hypertensive patients were initially 
enrolled. 11 of them were ineligible because of 
secondary causes of high BP (9 patients), 
chronic kidney disease (1 patient), and liver cir-
rhosis (1 patient). Of the remaining 150 
patients, 24 were excluded due to diagnoses of 
heart disease unrelated to high BP. Figure 1 
presents the recruitment flowchart.

Study procedures

Anamnestic data: Anamnestic data was col-
lected using a standard questionnaire. This 
included questions about demographic data 
(age, sex), lifestyle habits (heavy alcohol con-
sumption, current smoking, sedentary behav-
ior), medical history including cardiovascular 
risk factors (history of diabetes mellitus, dyslip-
idemia, hyperuricemia, menopause), and previ-
ous cardiovascular events (stroke, ischemic 
heart disease, heart failure, chronic kidney dis-
ease, cardiovascular surgery), and current 
medication use for chronic disease (antidiabet-

dividing the weight (kg) by the square of height 
(m2).

BP: BP was noninvasively measured by 24-hour 
ambulatory BP monitoring using a TONOPORT V 
(GE Healthcare, Freiburg, Germany) recorder. 
Participants were asked to maintain his/her 
usual way of life during the recording.

Biochemical measurements: For all analyses, 
we obtained a blood sample between 7 a.m. 
and 9 a.m. from the cubital vein of the patient, 
after an overnight fast. The blood glucose  
test was performed on plasma oxalate by the 
colorimetric method using Biolabo standard 
reagents (Biolabo S.A.S., Les Hautes Rives, 
Maizy, France) and measured by the HELIOS 
Epsilon spectrophotometer. The dosage of 
insulin was performed on EDTA plasma by 
enzyme-linked immunosorbent assay. Optical 
density readings were performed on a string 
read from the firm HUMAREADER HUMAN 
(Germany). The Homeostatic Model Assess- 
ment for Insulin Resistance (HOMAIR) was cal-
culated as HOMAIR = fasting insulin (μU/mL) × 
fasting glucose (mmol/L)/22.5 [32]. HbA1c was 
measured using the immunoturbidimetric tech-
nique with the biochemistry analyzer COBAS 
C111.

Echocardiographic measurements: Two-dimen- 
sionally guided M-mode echocardiography  

ic treatment and other treat-
ments including statins, anti-
platelet agents, hypourice- 
mics, oral contraception, hor-
mone replacement therapy).

Physical examination: Anthro- 
pometric parameters were 
measured by a final-year med-
ical student who had also 
undergone a study training 
session held by the authors. 
The student measured bo- 
th primary variables (weight, 
height, waist size, hip mea-
surement) and a derived vari-
able (body mass index [BMI]). 
The WC was measured to the 
nearest 0.1 cm using a mea-
suring tape directly applied to 
the skin along a horizontal line 
passing through the umbili-
cus. BMI was obtained by 

Figure 1. Flow chart summarizing the participant’s inclusion. HTN = hyper-
tension, CKD = chronic kidney disease, IHD = ischemic heart disease, HCM 
= hypertrophic cardiomyopathy, LVNC = left ventricular non compaction.



Insulin resistance, left ventricular hypertrophy, and cardiorespiratory fitness

590 Am J Cardiovasc Dis 2021;11(5):587-600

was performed using standard methods 
according to the 2015 American Society of 
Echocardiography and the European As- 
sociation of Cardiovascular Imaging updated 
guidelines for cardiac chamber quantification 
[39] using a Vivid T8 (GE Healthcare) ultra-
sound system equipped with 3.5-MHz trans-
ducers. Echocardiographic examinations were 
performed and interpreted by the same cardi-
ologist who was unaware of the patient data. 
Interventricular septum thickness in diastole 
(IVSd), left ventricular posterior wall thickness 
(PWT) in diastole (LVPWd), and left ventricular 
end-diastolic diameter (LVEDd), all measured  
in millimeters, were assessed at a level just 
below the mitral valve leaflets at end diastole, 
on the leading edge to the leading edge. LVM 
was calculated based on the American Society 
of Echocardiography simplified cubed equation 
linear method: LVM (g) = 0.8 × 1.04 × [(LVEDd 
+ IVSd + LVPWd)3 - (LVEDd)3] + 0.6 g. LVM was 
indexed to body surface area (BSA) and to 
height2.7 as LVM/BSA and LVM/height2.7. The 
relative wall thickness (RWT) of the left ventri-
cle (LV) was calculated as follows: (2 × LVPWd)/
LVEDd. Parameters of LV diastolic function 
were measured in accordance with internation-
al recommendations [40], using both pulsed 
wave Doppler and pulsed tissue Doppler. Peak 
E-wave velocity (E; Cm/s), peak A-wave velocity 
(A; Cm/s), deceleration time (DT) of early filling 
(ms), and peak early diastolic mitral annular 
velocity (e’, cm/s) were measured over five car-
diac cycles, and the mean was calculated.

CPET: All participants performed maximal  
CPET using a cycle ergometer (eBike, GE 
Medical Systems, GmbH, Freiburg, Germany). 
Participants were asked to refrain from eating 
for at least 2 hours before the test, strenuous 
exercise for at least 24 hours before the  
CPET, caffeine on the day of the test, and smok-
ing at least 8 hours before the test. They were 
further advised to wear comfortable clothing 
and exercise-appropriate footwear. Immedia- 
tely before exercise testing, participants were 
encouraged to make maximal effort. The sys-
tem was calibrated before each test based on 
the manufacturer’s instructions. We used an 
incremental exercise protocol tailored to each 
patient’s characteristics (age, gender, maximal 
predicted capacity, corrected by the level of 
estimated physical activity) [41]. Gas exchange 
and ventilatory variables were analyzed using 

Medisoft cardiorespiratory instrumentation 
(Medisoft Ergocard CPX, 5503 Sorinnes, 
Belgium). Standard 12-lead electrocardio-
grams were obtained at rest and during the 
exercise and recovery phases with CardioSoft 
V6.73 (GE Medical Systems). Continuous BP 
measurement and heart rate recordings were 
performed every minute, and the Borg scale 
was used to rate the perceived exertion at  
each stage. Pulse oximetry was also measured 
throughout the CPET. Exercise was discontin-
ued in the event of any of the following: severe 
angina, decrease or insufficient increase in BP 
despite workload increase, ST-segment eleva-
tion (not corresponding to a myocardial infarct 
territory), severe or poorly tolerated arrhyth-
mias, signs of low cardiac output, neurological 
signs such as ataxia (confusion, vertigo, etc.), 
technical problems preventing proper monitor-
ing (electrocardiogram recording and/or BP 
measuring), and patient request [42]. CPET was 
considered maximal when respiratory exchange 
ratio (RER ) was ≥1.1 [43]. CRF was expressed 
as the maximal oxygen uptake (VO2max). The 
VO2max was defined as the highest value 
reached at the end of the maximal CPET. 
Participants were categorized into three gro- 
ups according to percentiles of CRF level: low 
(<25th), intermediate (25th-75th), and high 
(>75th).

Operational definitions: Hypertension was 
defined as an average systolic BP >130 mmHg 
and/or average diastolic BP >80 mmHg on 
24-hour ambulatory blood pressure monitoring 
(ABPM) [44]. Newly diagnosed hypertension 
was defined as arterial hypertension for which 
a confirmatory diagnosis has just been ob- 
tained within 48 hours by ABPM and for which 
antihypertensive therapy has not yet been initi-
ated. Sedentary was defined as sitting for  
more than 7 hours per day [45]. Hyperinsu- 
linemia was defined as fasting insulin glucose 
level >90 mmol/L. IR was defined as a HOM- 
AIR of ≥2.5 in accordance with the accepted 
criteria [46]. LVH was defined as LVM of >115 
g/m2 or >48 g/m2.7 for men when indexed to 
BSA or height, respectively, and >95 g/m2 or 
>44 g/m2.7 for women when indexed to BSA or 
height, respectively. Three patterns of diastolic 
dysfunction were defined as follows [47, 48]: 
abnormal relaxation (grade I of diastolic dys-
function: E/A ratio of <1 and prolonged DT), 
pseudonormal relaxation (grade II: E/A ratio of 
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>1 and intermediate values of DT), and re- 
strictive patterns (reversible and irreversible, 
grades III-IV, respectively; E/A ratio of >2 and 
shortened DT). Normal left ventricular filling 
pressure was defined by an E/é ratio of <8  
[49]. Elevated left ventricular filling pressure 
was defined by a E/e’ lateral of >12 [49]. 
Dilation of the left atrium was defined as an 
area of the OG of >20 cm2 of body surface [39].

Statistical analysis

Statistical analysis of the data was perform- 
ed using SPSS for Windows version 24. 
Descriptive analyses included the mean and 
standard deviation for quantitative data with 
Gaussian distribution, median and interquartile 
space for non-normally distributed data, and 
the relative (%) and absolute (n) proportions  
for categorical data. Student t-test was per-
formed to compare two means. Analysis of  
variance (ANOVA) was used for multiple com-
parisons. ANOVA tests significant at the P< 
0.05 level were supplemented by a post hoc 
Cheffée test. To compare the medians of two 
groups, we used Mann-Whitney U test, and for 
more than two medians, we used the Kruskal-
Wallis H test. Linear regression testing was 
applied to verify Pearson simple correlation 
between clinical, laboratory, and ultrasound 
parameters with extreme percentiles of 

VO2max. Pearson coefficients (r) were calcu-
lated to assess this association. When differ-
ences were observed between clinical, labora-
tory, and ultrasound findings and VO2max 
categories, the effect of potential confounders 
was investigated by conditional linear regres-
sion fitting in multivariate analysis. Finally, 
coefficients of determination (R2) were calcu-
lated to determine the degree of variability 
between clinical, biological, and ultrasound 
findings and VO2max. The significance level 
was retained as P<0.05.

Ethical considerations

This research was conducted in strict compli-
ance with the recommendations of the Helsinki 
Declaration III. Study approval was obtained 
from the National Health Ethics Committee 
(No. 219/CNES/BN/PMMF/220).

Results

Participants general characteristics

Overall, 126 hypertensive participants were 
included in the final analysis. Table 1 summa-
rizes the general characteristics of the study 
population. The mean age of patients was 50.5 
± 9.5 years, with a predominance of men (sex 
ratio (M/F), 1:9). Comparison between patients 

Table 1. Participant characteristics according to the presence of LVH

Variable Overall  
n = 126

With LVH  
n = 51

Without LVH  
n = 75 p value

Age (years) 50.5 ± 9.5 50.2 ± 10.0 50.7 ± 9.3 0.784
Gender 0.259
    Male 82 (65.1) 31 (60.8) 51 (68.0)
    Female 44 (34.9) 20 (39.2) 24 (32.0)
Sedentary time (hours) 9.9 ± 2.2 11.4 ± 1.9 8.8 ± 1.7 0.000
BMI (kg m-2) 30.0 ± 4.6 32.0 ± 4.8 28.7 ± 4.1 0.000
WC (cm) 102.7 ± 11.0 105.8 ± 11.4 100.5 ± 10.3 0.023
FPG (mmol L-1) 5.5 ± 6 6.4 ± 1 6.2 ± 1.1 0.070
FI (pmol L-1) 93.1 ± 38.3 119.5 ± 39.9 75.1 ± 24.3 0.000
HOMAIR 1.9 ± 0.8 2.3 ± 0.8 1.42 ± 0.47 0.000
E/A 1.24 ± 0.44 1.15 ± 0.45 1.33 ± 0.43 <0.001
DT (Cm/s) 208 ± 43 204 ± 45 209 ± 47 0.498
E/e’ 5.9 ± 1.7 6.6 ± 2.8 5.3 ± 1.5 <0.001
VO2max/kg (ml min-1 kg-1) 17.3 ± 4.7 15.7 ± 5.5 18.4 ± 3.7 0.001
BMI = body mass index; WC = waist circumference; FPG = fasting plasma glucose; FI = fasting insulin; HOMAIR = Homeostatic 
Model Assessment for Insulin Resistance; E/A = transmitral ratio between early and late ventricular filling velocity; DT = decel-
eration time; E/e’ = transmitral early diastolic velocity to pulsed tissue Doppler-derived annular early diastolic velocity ratio; 
VO2max/kg = peak exercise oxygen consumption per body weight.
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with LVH and those without LVH indicated that 
the two subgroups were similar in age and sex 
ratio. However, the mean BMI, WC, fasting insu-
lin, HOMAIR, and sedentary time were signifi-
cantly higher in patients with LVH (P<0.05). 
Contrarily, hypertensive patients with LVH  
had lower VO2max than those without LVH. 
Regarding diastolic function parameters, 
patients with LVH had significantly lower E/A 
ratios, with a longer DT and a higher E/e’ ratio, 
although it was normal. Table 2 shows the  
comparison between insulin-resistant and non-
insulin-resistant participants. The two sub-
groups had a similar mean age, with a signifi-
cantly higher proportion of men in the IR 
subgroup. IR participants had significantly 

tiles of VO2max in participants both with and 
without IR. 

Correlates of CRF according to IR status

Table 8 indicates that BMI, LVED, LVM, LVMI- 
bsa, LVMIh, and DT were negatively correlated 
with VO2max in patients with IR. On the other 
hand, the E/A ratio positively correlated with 
VO2max in patients with IR, but this correlation 
was not significant in hypertensive patients 
without IR. Table 9 illustrates the results of 
multiple regression analysis. BMI, LVM, and 
LVMIbsa emerged as independent determi-
nants of VO2max, explaining 46.9% of its vari-
ability in insulin-resistant participants, although 

Table 2. Participant characteristics according to IR

Variable With IR  
n = 33

Without IR  
n = 93 p

Age (years) 50.6 ± 9.8 50.5 ± 9.5 0.958
Gender 0.014
    Male 27 (81.8) 55 (59.1)
    Female 6 (18.2) 38 (40.9)
Sedentary time (hours) 11.4 ± 2.1 9.3 ± 1.9 0.000
BMI (kg m-2) 33.3 ± 4.7 29.9 ± 4.7 0.001
WC (cm) 108.3 ± 12.9 100.9 ± 9.8 0.006
FPG (mmol l-1) 6.6 ± 0.1 6.4 ± 2.0 0.065
FI (pmol L-1) 192.3 ± 68.1 86.9 ± 41.1 0.000
HOMAIR 3.9 ± 1.4 1.6 ± 0.5 0.000
LVED (mm) 59.8 ± 19.9 44.4 ± 6.4 0.000
IVS (mm) 12.3 ± 1.6 11.3 ± 1.6 0.004
PWT (mm) 12.1 ± 1.4 11.3 ± 1.5 0.003
LVM (g) 270.4 ± 97.3 182.3 ± 58.3 0.000
LVMIbsa (g m-2) 127.7 ± 29.9 88.5 ± 21.7 0.000
LVMIh-2.7 (g m-2.7) 95.9 ± 59.8 47.3 ± 25.9 0.000
LAA (cm-2) 16.4 ± 2.7 15.9 ± 4.6 0.573
E/A ratio 1.1 ± 0.09 2.1 ± 2.3 0.002
DT (ms) 215.7 ± 44.8 204.3 ± 43.5 0. 001
E/e’ 7.5 ± 0.3 5.1 ± 1.4 0.001
VO2max (ml min-1 kg-1) 13.7 ± 6.2 18.6 ± 3.3 0.000
BMI = body mass index; WC = waist circumference; FPG = fasting 
plasma glucose; FI = fasting insulin; HOMAIR = Homeostatic Model 
Assessment for Insulin Resistance; LVED = left ventricular end-
diastolic diameter; IVS = interventricular septum; PWT = posterior 
wall thickness; LVM = left ventricular mass; LVMIbsa = left ventricular 
mass indexed to body surface area; LVMIh-2.7 = left ventricular mass 
indexed to height to allometric power of 2.7; DT = deceleration time; 
LAA = left atrial area; E/A = transmitral ratio between early and late 
ventricular filling velocity; E/e’ = transmitral early diastolic velocity to 
pulsed tissue Doppler-derived annular early diastolic velocity ratio; DT 
= deceleration time; VO2max (ml min-1 kg-1) = peak exercise oxygen 
consumption in milliliter per minute per kg of body weight.

greater BMI, WC, LVED, IVS, PWT, LVM, 
LVMIbsa, LVMIh and sedentary time than 
those without IR. A comparison of the 
diastolic function parameters showed 
that participants with IR had a significant-
ly lower E/A ratio and greater E/e’ with 
significantly longer DT. Participants  
with IR had an overall lower VO2max  
than those without IR. Table 3 shows a 
Gaussian distribution of VO2max over the 
entire study population.

Correlates of CRF 

Table 4 shows that the mean values of 
BMI, FI, HOMAIR, LVED, LVM, LVMIbsa, 
LVMIh, and E/e’ significantly decreased 
with increasing percentile of VO2max.  
On the other hand, the E/A ratio increas- 
ed with the increase in the percentile of 
VO2max. In contrast, participants with 
different percentiles of CRF had similar 
age, WC, FPG, ST, IVS, PWT, RWT, DT, and 
LAA. Table 5 shows that VO2max was 
negatively related to BMI, FI, HOMAIR, 
LVM, LVMIbsa, and LVMIh. In contrast, 
LVED and E/A were positively related to 
VO2max. Table 6 presents the results  
of the multiple linear regression analysis. 
This table shows that insulin, HOMAIR, 
LVMIh, and E/A ratio emerged as inde-
pendent determinants of VO2max, ex- 
plaining 53.1% of its variability. Table 7 
shows that LVM and LVMIh significantly 
decreased as the percentiles of VO2max 
increased in both IR and non-IR partici-
pants, whereas E/A ratio significantly 
increased with increases in the percen-
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this relationship was not detected in patients 
without IR.

Discussion

Ours is the first study to evaluate differences 
related to IR in the relationship between LVM 
and CRF in asymptomatic newly diagnosed 
hypertensive Black sub-Saharan Africans.

Our main findings indicated that LVM is an  
independent determinant of CRF in IR hyper-
tensive participants, but not in non-IR hyper-
tensive patients. This suggests a detrimental 

influence of IR on the prognosis for LVH, as 
independent of other traditional risk factors 
[38]. CRF is a well-established independent 
predictor of mortality in almost all patient 
populations.

Previous studies have demonstrated a signifi-
cant correlation between CRF and LVM in 
humans [50], as well as animals [51]. Because 
hypertension is an IR state [4, 52] and IR is 
associated with both LVH [11, 12, 53] and 
impaired CRF [54, 55], the possibility of the 
interference of IR on the association between 

Table 3. Fitness level categories

Variable N
Low fitness  

<25th P  
n (%)

Intermediate fitness  
[25th-75th P]  

n (%)

High fitness  
>75th P  

n (%)
VO2max (ml min-1 kg-1) 120 12 (9.5) 95 (75.4) 19 (15.1)
Me (extreme) 12.5 (10.0-14.0) 18.0 (15.0-21.0) 24.0 (22.0-26.0)
VO2max = peak VO2; P = percentile value.

Table 4. Clinical, biological, and echocardiographic characteristics of participants according to  
VO2max percentiles

Variable n
VO2max (ml/min/kg)

<25th P 25th-75th P >75th P p
Age (years) 126 50.0 ± 11.5 50.4 ± 9.2 51.1 ± 10.3 0.946
BMI 126 32.2 ± 3.2 30.9 ± 5.1 29.1 ± 4.9 0.200
WC (Cm) 126 101.5 ± 11.9 102.3 ± 10.6 104.9 ± 12.7 0.661
FPG 126 6.6 ± 1.2 6.0 ± 1.5 5.5 ± 1.2 0.061
FI (mmol/L) 126 220.8 ± 85.1 104.2 ± 56.4 98.8 ± 49.7 <0.001
HOMAIR 126 4.1 ± 1.8 2.0 ± 1.2 1.9 ± 0.9 <0.001
ST (hours) 126 10.2 ± 2.5 9.8 ± 2.1 10.3 ± 2.3 0.610
LVED (mm) 126 63.4 ± 22.5 47.2 ± 11.8 44.9 ± 5.7 0.001
IVS (mm) 126 11.2 ± 1.7 11.6 ± 1.6 11.5 ± 1.5 0.674
PWT (mm) 126 11.3 ± 1.6 11.6 ± 1.5 10.8 ± 1.4 0.076
LVM (g) 126 306.7 ± 130.3 198.5 ± 67.9 175.7 ± 47.2 <0.001
LVMIbsa (g m2) 126 134.1 ± 40.1 96.7 ± 27.0 86.5 ± 16.6 <0.001
LVMIh (g m2.7) 126 68.7 ± 15.1 55.3 ± 15.9 40.3 ± 8.7 <0.001
RWT 126 0.56 ± 0.12 0.57 ± 0.38 0.51 ± 0.09 0.746
E/A ratio 126 0.9 ± 0.4 1.2 ± 0.3 1.36 ± 0.50 <0.001
DT (ms) 126 208.3 ± 38.4 207.3 ± 44.3 206.2 ± 47.6 0.990
E/e’ ratio 126 7.1 ± 2.5 6.6 ± 2.3 6.0 ± 1.7 <0.001
LAA (cm2) 126 15.45 ± 2.5 16.3 ± 4.6 15.6 ± 2.8 0.671
BMI = body mass index; WC = waist circumference; FPG = fasting plasma glucose; FI = fasting insulin; HOMAIR = Homeostatic 
Model Assessment for Insulin Resistance; ST = sedentary time; LVED = left ventricular end diastole; IVS = interventricular 
septum; PWT = posterior wall thickness; LVM = left ventricular mass; LVMIbsa = left ventricular mass indexed to body surface 
area; LVMIh = left ventricular mass indexed to height2.7; RWT = relative wall thickness; E/A = transmitral ratio between early 
and late ventricular filling velocity; DT = deceleration time; E/e’ = transmitral early diastolic velocity to pulsed tissue Doppler-
derived annular early diastolic velocity ratio; LAA = left atrial area.
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LVH and CRF was an eminently plausible 
hypothesis.

Regensteiner et al. provided a strong argument 
for a causal link between IR and decreased 
CRF by demonstrating a significant improve-
ment in CRF after 4 months of treatment  
with rosiglitazone [56], an insulin sensitizer 
from the thiazolidinedione group. VO2max, a 
reflection of CRF, is defined by the interaction 
between two systems: (1) that of the transport 
of oxygen from the air to the mitochondria, 
involving the lungs, heart, blood, and muscles, 
and (2) that of the mitochondrial metabolic  
use of the delivered oxygen [57]. All patho- 
physiological conditions that alter oxygen trans-
port from the air to the mitochondria, as well as 
its use during exercise, will determine a certain 
degree of VO2max reduction from the values 
predicted by age and gender [43]. In fact, stud-
ies have shown that IR is associated with 
impaired lung function [58, 59], reduced capil-
lary alveolar diffusion [60], decreased myocar-
dial perfusion [61], decreased stroke volume, 
decreased cardiac output [62], endothelial dys-
function [63], increased total peripheral vascu-
lar resistance [27], decreased capillary muscle 
density [64], slowing of the oxygen saturation of 
tissue hemoglobin [65], and altered mitochon-
drial function [66].

Interestingly, all of the characteristics that dif-
ferentiated participants with LVH from those 

without LVH in the present study have a de- 
monstrated pathophysiological link with IR, 
whether it is being sedentary [67] and having a 
higher fasting insulin level [68], a higher BMI 
[69], larger WC [70], and worse diastolic func-
tion parameters [71], expressed by a signifi-
cantly lower E/A ratio with a longer DT and a 
higher, although normal, E/e’ ratio. Thus, LVH 
should probably be considered as one of the 
many risk factors that agglomerate and gravi-
tate around IR to result in the so-called meta-
bolic syndrome. In addition, IR would ultimately 
be the active ingredient in LVH-related compli-
cations and prognosis.

This study also found a negative correlation 
between BMI and CRF. This correlation was 
found in all participants; but when dichotomiz-
ing the sample according to IR status, this cor-
relation was only found in the subgroup of par-
ticipants with IR and persisted in multivariate 
analysis. This assumes that IR would be the link 
between overall obesity, of which BMI is an 
index [72], and CRF. Indeed, the BMI is an effec-
tive anthropometric indicator to identify IR [73], 
and IR is related to CRF as demonstrated by 
Clarke et al. [74]. The fact that this correlation 
was not found between VO2max and WC, a 
parameter of abdominal obesity, reopens the 
debate on the form of obesity (global or abdom-
inal) which is most strongly associated with a 
poor prognosis. Many authors have found 

Table 5. Simple linear correlation between 
clinical, laboratory, and echocardiographic 
characteristics and CRF parameters VO2max 
(ml min-1 kg-1)

Variable VO2max (ml min-1 kg-1)  
r (p)

BMI -0.226 (0.011)
FI (mmol/L) -0.419 (<0.001)
HOMAIR -0.392 (<0.001)
LVED (mm) -0.367 (<0.001)
LVM (g) -0.418 (<0.001)
LVMIbsa -0.399 (<0.001)
LVMIh -0.512 (<0.001)
E/A ratio 0.419 (<0.001)
BMI = body mass index; FI = fasting insulin; HOMAIR = 
Homeostatic Model Assessment for Insulin Resistance; 
LVED = left ventricular end diastole; LVM = left ventricu-
lar mass; LVMIbsa = left ventricular mass indexed to 
body surface area; LVMIh = left ventricular mass indexed 
to height2.7; E/A = transmitral ratio between early and 
late ventricular filling velocity.

Table 6. Multiple correlations

Variable
VO2max (ml min-1 kg-1)
β ES P

(Constant) 20.312 2.299 0.000
BMI -0.014 0.065 0.833
FI (mmol/L) -0.007 0.010 0.004
HOMAIR -0.337 0.485 0.048
LVED (mm) -0.052 0.041 0.020
LVM (g) -0.001 0.006 0.819
LVMIbsa (g m2) -0.020 0.015 0.017
LVMIh (g m2.7) -0.033 0.016 0.001
E/A ratio -0.461 0.316 0.014

R2 = 0.531
Overall p value <0.001
BMI = body mass index; FI = fasting insulin; HOMAIR = 
Homeostatic Model Assessment for Insulin Resistance; 
LVED = left ventricular end diastole; LVM = left ventricu-
lar mass; LVMIbsa = left ventricular mass indexed to 
body surface area; LVMIh = left ventricular mass indexed 
to height2.7; E/A = transmitral ratio between early and 
late ventricular filling velocity.
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abdominal obesity to be associated with a 
poorer prognosis [75, 76], but other authors 
have found no difference [77, 78].

In addition, a positive and independent correla-
tion was found between CRF and LVED. Brinker 
et al. found the same in a large population of 
2925 participants [79]. The explanation for this 
correlation would come, at least in part, from 
Franck Starling’s law, which states that the 
force of contraction of the heart muscle during 
systole is proportional to its stretch at the end 
of diastole [80]. This force of myocyte contrac-
tion is an essential component of cardiac out-
put [81], which is itself an essential component 
of the CRF [82]. 

Furthermore, a positive correlation between 
VO2max and E/A ratio, a parameter of diastolic 
function, was found. In line with our results, 
Grewal et al. but also Brinker et al. showed that 
CRF was strongly and inversely associated with 
LV diastolic dysfunction [79, 83]. 

Interestingly, by dichotomizing the sample 
based on IR status, the correlation between 
VO2max and LVED, as well as that between 
VO2max and E/A, was only found in insulin-
resistant participants. This result which, to our 
knowledge, is unprecedented, probably sug-
gests that it is in an IR situation that Franck 
Starling’s law is imposed with rigor, and that 
good diastolic relaxation proves to be more 
effective for the maintenance of good CRF. 

The present study used HOMAIR as a surrogate 
for IR. The HOMAIR index has been the subject 
of numerous validations, which have shown 
satisfactory correlation with the reference tech-
nique, the hyperinsulinemic euglycemic clamp 
(r = 0.72-0.82, depending on the studies) with 
no notable difference by sex, age, weight, pres-
ence of diabetes mellitus, or presence of high 
BP [84].

LVM was echographically determined in the 
present study. Although cardiac magnetic reso-
nance is considered the gold standard for eval-
uating LVM, echocardiography is a well-validat-
ed, harmless, and widely available method with 
reliable performance for LVM assessment and 
classification of LVH, with limited influence of 
image quality [85].

Study limitations

Our study must be interpreted within the con-
text of its potential strengths and limitations. 
To the best of our knowledge, this study is the 
first to demonstrate that the effects of LVM on 
CRF are primarily driven by the degree of IR in 
asymptomatic newly diagnosed hypertensive 
Black sub-Saharan Africans. However, the 
cross-sectional design of this study is one of  
its limitations, meaning that causal relation-
ships cannot be firmly established. In addition, 
the inhospital design precludes extrapolation 
of the results to all Black sub-Saharan Africans 

Table 7. Clinical and echocardiographic characteristics according to CRF levels in participants with 
and without IR

Variable
VO2max (ml min-1 kg-1) in participants with IR VO2max (ml min-1 kg-1) in participants Without IR

<25th P 25th-75th P >75th P p <25th P 25th-75th P >75th P p
LVM (g) 314.9 ± 131.8 254.5 ± 82.6 238.6 ± 17.6 0.022 265.4 ± 162.4 185.4 ± 57.1 153.3 ± 30.4 0.019
LVMIh (g m2.7) 131.1 ± 59.1 88.5 ± 59.5 52.6 ± 1.9 0.036 117.2 ± 115.6 47.5 ± 22.0 35.9 ± 5.1 0.000
E/A ratio 2.6 ± 1.7 6.7 ± 2.0 6.8 ± 0.16 0.028 0.5 ± 3.3 1.4 ± 1.0 1.7 ± 0.35 0.007
LVM = left ventricular mass; LVMIh = left ventricular mass indexed to height2.7; E/A = transmitral ratio between early and late ventricular filling 
velocity.

Table 8. Simple linear correlation between 
clinical and echocardiographic parameters 
with VO2max in patients with and without IR

Variable
VO2max (ml min-1 kg-1)

With IR Without IR
r (p) r (p)

BMI -0.394 (0.003) 0.174 (0.332)
LVED (mm) -0.225 (0.030) -0.080 (0.657)
LVM (g) -0.261 (0.012) -0.101 (0.574)
LVMIbsa (g m2) -0.229 (0.027) -0.032 (0.861)
LVMIh (g m2.7) -0.351 (0.001) -0.091 (0.646)
E/A 0.255 (0.014) 0.184 (0.036)
DT (mm)
BMI = body mass index; LVED = left ventricular end 
diastole; LVM = left ventricular mass; LVMIbsa = left ven-
tricular mass indexed to body surface area; LVMIh = left 
ventricular mass indexed to height2.7; E/A = transmitral 
ratio between early and late ventricular filling velocity; DT 
= deceleration time.
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with essential hypertension. Furthermore, 
because of signal noise, acoustic artifacts, and 
angle dependency, echocardiographic mea-
surements are prone to error. In addition, keep-
ing in mind that the intraobserver variability of 
transthoracic two-dimensional echocardiogra-
phy is inferior to the real-time three-dimension-
al technique is important [86, 87]. However, in 
the present study, echocardiography was per-
formed by an experienced cardiologist with 
postgraduate training in cardiac imaging.

Conclusions

Our results suggest that the effects of LVM on 
CRF are primarily driven by the degree of IR. A 
prospective, population-based study of Black 
sub-Saharan Africans remains essential to con-
firm the detrimental influence of IR on LVH-
related CRF impairment and therefore on the 
traditionally poorer prognosis of hypertension 
in this population. Our results could indicate 
that early detection and effective management 
of IR should be considered in all hypertensive 
patients. Measures targeting IR should help 
improve the prognosis of hypertensive patients.

Acknowledgements

We gratefully acknowledge Dr Rodolph Amhed, 
Managing Director of the Centre Médical de 
Kinshasa, for granting us permission to con-
duct this study at CMK.

Disclosure of conflict of interest

None.

Address correspondence to: Bernard Kianu  
Phanzu, Centre Médical de Kinshasa (CMK), 
Kinshasa, 1038 Kinshasa 1, Democratic Republic 
of Congo. Tel: +243 997 622 019; E-mail: doctorki-
anu@gmail.com

References

[1] Soleimani M. Insulin resistance and hyperten-
sion: new insights. Kidney Int 2015; 87: 497-
499.

[2] Yildiz M, Oktay AA, Stewart MH, Milani RV, Ven-
tura HO and Lavie CJ. Left ventricular hypertro-
phy and hypertension. Prog Cardiovasc Dis 
2020; 63: 10-21.

[3] Welborn TA, Breckenridge A, Rubinstein AH, 
Dollery CT and Fraser TR. Serum-insulin in es-
sential hypertension and in peripheral vascu-
lar disease. Lancet 1966; 1: 1336-1337.

[4] Ferrannini E, Natali A, Capaldo B, Lehtovirta M, 
Jacob S and Yki-Järvinen H. Insulin resistance, 
hyperinsulinemia, and blood pressure: role  
of age and obesity. European group for the 
study of insulin resistance (EGIR). Hyperten-
sion 1997; 30: 1144-1149.

[5] Cohn JN, Ferrari R and Sharpe N. Cardiac re-
modeling--concepts and clinical implications: a 
consensus paper from an international forum 
on cardiac remodeling. Behalf of an interna-
tional forum on cardiac remodeling. J Am Coll 
Cardiol 2000; 35: 569-582.

[6] Levy D, Garrison RJ, Savage DD, Kannel WB 
and Castelli WP. Prognostic implications of 
echocardiographically determined left ventric-
ular mass in the framingham heart study. N 
Engl J Med 1990; 322: 1561-1566.

[7] Ghali JK, Liao Y, Simmons B, Castaner A, Cao G 
and Cooper RS. The prognostic role of left ven-
tricular hypertrophy in patients with or without 

Table 9. Multiple correlations between clinical and echocardiographic parameters and VO2max (ml 
min-1 kg-1) in patients with and without IR

Variable
With IR n = 33 Without IR n = 93

Β ES p β ES p
(Constant) 27.830 3.184 0.000 -7.645 14.559 0.604
BMI -0.230 0.081 0.006 0.487 0.297 0.113
LVED (mm) 0.010 0.069 0.883 0.035 0.121 0.777
LVM (g) 0.033 0.015 0.027 0.002 0.020 0.915
LVMIbsa (g m2) -0.068 0.030 0.026 0.058 0.059 0.333
LVMIh (g m2.7) -0.050 0.032 0.124 -0.025 0.051 0.625
E/A -0.430 0.501 0.393 -1.172 0.914 0.211

R2 = 0.469 R2 = 0.384
Overall p value 0.001 0.616
BMI = body mass index; LVED = left ventricular end diastole; LVM = left ventricular mass; LVMIbsa = left ventricular mass 
indexed to body surface area; LVMIh = left ventricular mass indexed to height2.7; E/A = transmitral ratio between early and late 
ventricular filling velocity.

mailto:doctorkianu@gmail.com
mailto:doctorkianu@gmail.com


Insulin resistance, left ventricular hypertrophy, and cardiorespiratory fitness

597 Am J Cardiovasc Dis 2021;11(5):587-600

coronary artery disease. Ann Intern Med 1992; 
117: 831-836.

[8] Castelló Brescane R. The prognostic signifi-
cance of left ventricular geometry: fantasy or 
reality? Rev Esp Cardiol 2009; 62: 235-238.

[9] Ferreira AP, Oliveira CE and Franca NM. Meta-
bolic syndrome and risk factors for cardiovas-
cular disease in obese children: the relation-
ship with insulin resistance (HOMA-IR). J 
Pediatr (Rio J) 2007; 83: 21-26.

[10] Reaven G. Insulin resistance and coronary 
heart disease in nondiabetic individuals. Arte-
rioscler Thromb Vasc Biol 2012; 32: 1754-
1759.

[11] Sasson Z, Rasooly Y, Bhesania T and Rasooly I. 
Insulin resistance is an important determinant 
of left ventricular mass in the obese. Circula-
tion 1993; 88: 1431-1436.

[12] Cauwenberghs N, Knez J, Thijs L, Haddad F, 
Vanassche T, Yang WY, Wei FF, Staessen JA 
and Kuznetsova T. Relation of insulin resis-
tance to longitudinal changes in left ventricu-
lar structure and function in a general popula-
tion. J Am Heart Assoc 2018; 7: e008315.

[13] Galvan AQ, Galetta F, Natali A, Muscelli E, Siro-
ni AM, Cini G, Camastra S and Ferrannini E. 
Insulin resistance and hyperinsulinemia: no 
independent relation to left ventricular mass 
in humans. Circulation 2000; 102: 2233-
2238.

[14] Nkum BC, Micah FB, Ankrah TC and Nyan O. 
Left ventricular hypertrophy and insulin resis-
tance in adults from an urban community in 
the Gambia: cross-sectional study. PLoS One 
2014; 9: e93606.

[15] Kianu Phanzu B, Nkodila Natuhoyila A, Kintoki 
Vita E, M’Buyamba Kabangu JR and Longo-
Mbenza B. Association between insulin resis-
tance and left ventricular hypertrophy in as-
ymptomatic, Black, sub-Saharan African, hy- 
pertensive patients: a case-control study. BMC 
Cardiovasc Disord 2021; 21: 1-12.

[16] Reaven GM, Lerner RL, Stern MP and Farquhar 
JW. Role of insulin in endogenous hypertriglyc-
eridemia. J Clin Invest 1967; 46: 1756-1767.

[17] Reaven GM, Chen YD, Jeppesen J, Maheux P 
and Krauss RM. Insulin resistance and hyper-
insulinemia in individuals with small, dense 
low density lipoprotein particles. J Clin Invest 
1993; 92: 141-146.

[18] Botzer A, Grossman E, Moult J and Unger R. A 
system view and analysis of essential hyper-
tension. J Hypertens 2018; 36: 1094-1103.

[19] Petersen MC and Shulman GI. Mechanisms of 
insulin action and insulin resistance. Physiol 
Rev 2018; 98: 2133-2223.

[20] Avula NR and Shenoy D. Evaluation of associa-
tion of hyperuricaemia with metabolic syn-

drome and insulin resistance. J Clin Diagn Res 
2016; 10: OC32-OC34.

[21] Muniyappa R and Sowers JR. Role of insulin 
resistance in endothelial dysfunction. Rev En-
docr Metab Disord 2013; 14: 5-12.

[22] Zhou MS, Schulman IH and Raij L. Vascular in-
flammation, insulin resistance, and endotheli-
al dysfunction in salt-sensitive hypertension: 
role of nuclear factor kappa B activation. J Hy-
pertens 2010; 28: 527-535.

[23] Jauregui A, Mintz DH, Mundel P and Fornoni A. 
Role of altered insulin signaling pathways in 
the pathogenesis of podocyte malfunction and 
microalbuminuria. Curr Opin Nephrol Hyper-
tens 2009; 18: 539-545.

[24] Thomas SS, Zhang L and Mitch WE. Molecular 
mechanisms of insulin resistance in chronic 
kidney disease. Kidney Int 2015; 88: 1233-
1239.

[25] Sciacqua A, Marini MA, Hribal ML, Perticone F 
and Sesti G. Association of insulin resistance 
indexes to carotid intima-media thickness. 
PLoS One 2013; 8: e53968.

[26] Howard G, O’Leary DH, Zaccaro D, Haffner S, 
Rewers M, Hamman R, Selby JV, Saad MF, Sav-
age P and Bergman R. Insulin sensitivity and 
atherosclerosis. The Insulin Resistance Athero-
sclerosis Study (IRAS) investigators. Circula-
tion 1996; 93: 1809-1817.

[27] Jia G, Aroor AR, DeMarco VG, Martinez-Lemus 
LA, Meininger GA and Sowers JR. Vascular 
stiffness in insulin resistance and obesity. 
Front Physiol 2015; 6: 231.

[28] Britton KA, Mukamal KJ, Ix JH, Siscovick DS, 
Newman AB, de Boer IH, Thacker EL, Biggs ML, 
Gaziano JM and Djousse L. Insulin resistance 
and incident peripheral artery disease in the 
cardiovascular health study. Vasc Med 2012; 
17: 85-93.

[29] Howard G, Wagenknecht LE, Kernan WN, 
Cushman M, Thacker EL, Judd SE, Howard VJ 
and Kissela BM. Racial differences in the as-
sociation of insulin resistance with stroke risk: 
the reasons for geographic and racial differ-
ences in stroke (REGARDS) study. Stroke 
2014; 45: 2257-2262.

[30] Caccamo G, Bonura F, Bonura F, Vitale G, Novo 
G, Evola S, Evola G, Grisanti MR and Novo S. 
Insulin resistance and acute coronary syn-
drome. Atherosclerosis 2010; 211: 672-675.

[31] Velez M, Kohli S and Sabbah HN. Animal mod-
els of insulin resistance and heart failure. 
Heart Fail Rev 2014; 19: 1-13.

[32] Hess PL, Al-Khalidi HR, Friedman DJ, Mulder H, 
Kucharska-Newton A, Rosamond WR, Lopes 
RD, Gersh BJ, Mark DB, Curtis LH, Post WS, 
Prineas RJ, Sotoodehnia N and Al-Khatib SM. 
The metabolic syndrome and risk of sudden 
cardiac death: the atherosclerosis risk in com-



Insulin resistance, left ventricular hypertrophy, and cardiorespiratory fitness

598 Am J Cardiovasc Dis 2021;11(5):587-600

munities study. J Am Heart Assoc 2017; 6: 
e006103.

[33] Ausk KJ, Boyko EJ and Ioannou GN. Insulin re-
sistance predicts mortality in nondiabetic indi-
viduals in the U.S. Diabetes Care 2010; 33: 
1179-1185.

[34] Stewart MH, Lavie CJ, Shah S, Englert J, Gillil-
and Y, Qamruddin S, Dinshaw H, Cash M, Ven-
tura H and Milani R. Prognostic implications of 
left ventricular hypertrophy. Prog Cardiovasc 
Dis 2018; 61: 446-455.

[35] Myers J, Prakash M, Froelicher V, Do D, Par-
tington S and Atwood JE. Exercise capacity and 
mortality among men referred for exercise test-
ing. N Engl J Med 2002; 346: 793-801.

[36] Blaha MJ, Hung RK, Dardari Z, Feldman DI, 
Whelton SP, Nasir K, Blumenthal RS, Brawner 
CA, Ehrman JK and Keteyian SJ. Age-depen-
dent prognostic value of exercise capacity and 
derivation of fitness-associated biologic age. 
Heart 2016; 102: 431-437.

[37] Kodama S, Saito K, Tanaka S, Maki M, Yachi Y, 
Asumi M, Sugawara A, Totsuka K, Shimano H 
and Ohashi Y. Cardiorespiratory fitness as a 
quantitative predictor of all-cause mortality 
and cardiovascular events in healthy men and 
women: a meta-analysis. JAMA 2009; 301: 
2024-2035.

[38] Gupta S, Rohatgi A, Ayers CR, Willis BL, Haskell 
WL, Khera A, Drazner MH, de Lemos JA and 
Berry JD. Cardiorespiratory fitness and classifi-
cation of risk of cardiovascular disease mortal-
ity. Circulation 2011; 123: 1377-1383.

[39] Lang RM, Badano LP, Mor-Avi V, Afilalo J, Arm-
strong A, Ernande L, Flachskampf FA, Foster E, 
Goldstein SA and Kuznetsova T. Recommenda-
tions for cardiac chamber quantification by 
echocardiography in adults: an update from 
the American Society of Echocardiography and 
the European Association of Cardiovascular 
Imaging. J Am Soc Echocardiogr 2015; 28: 
1-39, e14.

[40] Nagueh SF, Smiseth OA, Appleton CP, Byrd BF 
3rd, Dokainish H, Edvardsen T, Flachskampf 
FA, Gillebert TC, Klein AL and Lancellotti P. Rec-
ommendations for the evaluation of left ven-
tricular diastolic function by echocardiography: 
an update from the american society of echo-
cardiography and the european association of 
cardiovascular imaging. J Am Soc Echocardiogr 
2016; 29: 277-314.

[41] Marcadet DM, Pavy B, Bosser G, Claudot F, 
Corone S, Douard H, Iliou MC, Verges-Patois B, 
Amedro P and Le Tourneau T. French Society of 
Cardiology guidelines on exercise tests (part 
1): methods and interpretation. Arch Cardio-
vasc Dis 2018; 111: 782-790.

[42] Fletcher GF, Ades PA, Kligfield P, Arena R, Bala-
dy GJ, Bittner VA, Coke LA, Fleg JL, Forman DE 

and Gerber TC. Exercise standards for testing 
and training: a scientific statement from the 
American Heart Association. Circulation 2013; 
128: 873-934.

[43] Mezzani A. Cardiopulmonary exercise testing: 
basics of methodology and measurements. 
Ann Am Thorac Soc 2017; 14: S3-S11.

[44] O’Brien E, White WB, Parati G and Dolan E. Am-
bulatory blood pressure monitoring in the 21st 
century. J Clin Hypertens (Greenwich) 2018; 
20: 1108-1111.

[45] Chau JY, Grunseit AC, Chey T, Stamatakis E, 
Brown WJ, Matthews CE, Bauman AE and van 
der Ploeg HP. Daily sitting time and all-cause 
mortality: a meta-analysis. PLoS One 2013; 8: 
e80000.

[46] Ramos-Lopez O, Riezu-Boj JI, Milagro FI, Cuer-
vo M, Goni L and Martinez JA. Interplay of an 
obesity-based genetic risk score with dietary 
and endocrine factors on insulin resistance. 
Nutrients 2019; 12: 33.

[47] Galderisi M, Cosyns B, Edvardsen T, Cardim N, 
Delgado V, Di Salvo G, Donal E, Sade LE, Er-
nande L and Garbi M. Standardization of adult 
transthoracic echocardiography reporting in 
agreement with recent chamber quantifica-
tion, diastolic function, and heart valve dis-
ease recommendations: an expert consensus 
document of the European association of car-
diovascular imaging. Eur Heart J Cardiovasc 
Imaging 2017; 18: 1301-1310.

[48] Nagueh SF. Left ventricular diastolic function: 
understanding pathophysiology, diagnosis, 
and prognosis with echocardiography. JACC 
Cardiovasc Imaging 2020; 13: 228-244.

[49] Sharifov OF, Schiros CG, Aban I, Denney TS and 
Gupta H. Diagnostic accuracy of tissue doppler 
index E/e’ for evaluating left ventricular filling 
pressure and diastolic dysfunction/heart fail-
ure with preserved ejection fraction: a system-
atic review and meta-analysis. J Am Heart As-
soc 2016; 5: e002530.

[50] Steding K, Engblom H, Buhre T, Carlsson M, 
Mosen H, Wohlfart B and Arheden H. Relation 
between cardiac dimensions and peak oxygen 
uptake. J Cardiovasc Magn Reson 2010; 12: 8.

[51] Young LE, Marlin DJ, Deaton C, Brown-Feltner 
H, Roberts CA and Wood JL. Heart size esti-
mated by echocardiography correlates with 
maximal oxygen uptake. Equine Vet J Suppl 
2002; 34: 467-471.

[52] Ferrannini E, Buzzigoli G, Bonadonna R, Giori-
co MA, Oleggini M, Graziadei L, Pedrinelli R, 
Brandi L and Bevilacqua S. Insulin resistance 
in essential hypertension. N Engl J Med 1987; 
317: 350-357.

[53] Lind L, Andersson PE, Andren B, Hanni A and 
Lithell HO. Left ventricular hypertrophy in hy-
pertension is associated with the insulin resis-



Insulin resistance, left ventricular hypertrophy, and cardiorespiratory fitness

599 Am J Cardiovasc Dis 2021;11(5):587-600

tance metabolic syndrome. J Hypertens 1995; 
13: 433-438.

[54] Jun EH, Choi BY, Lee DC, Lee JW and Lee JY. 
Cardiopulmonary fitness is independently as-
sociated with insulin resistance in non-diabe-
tes mellitus patients of a university hospital in 
Korea. Korean J Fam Med 2013; 34: 139-144.

[55] Nadeau KJ, Zeitler PS, Bauer TA, Brown MS, 
Dorosz JL, Draznin B, Reusch JE and Regen-
steiner JG. Insulin resistance in adolescents 
with type 2 diabetes is associated with im-
paired exercise capacity. J Clin Endocrinol 
Metab 2009; 94: 3687-3695.

[56] Regensteiner JG, Bauer TA and Reusch JE. 
Rosiglitazone improves exercise capacity in in-
dividuals with type 2 diabetes. Diabetes Care 
2005; 28: 2877-2883.

[57] Bassett DR Jr and Howley ET. Limiting factors 
for maximum oxygen uptake and determinants 
of endurance performance. Med Sci Sports Ex-
erc 2000; 32: 70-84.

[58] Sagun G, Gedik C, Ekiz E, Karagoz E, Takir M 
and Oguz A. The relation between insulin resis-
tance and lung function: a cross sectional 
study. BMC Pulm Med 2015; 15: 139.

[59] Singh S, Bodas M, Bhatraju NK, Pattnaik B, 
Gheware A, Parameswaran PK, Thompson M, 
Freeman M, Mabalirajan U and Gosens R. Hy-
perinsulinemia adversely affects lung struc-
ture and function. Am J Physiol Lung Cell Mol 
Physiol 2016; 310: L837-845.

[60] Guazzi M, Oreglia I and Guazzi MD. Insulin im-
proves alveolar-capillary membrane gas con-
ductance in type 2 diabetes. Diabetes Care 
2002; 25: 1802-1806.

[61] Prior JO, Quinones MJ, Hernandez-Pampaloni 
M, Facta AD, Schindler TH, Sayre JW, Hsueh 
WA and Schelbert HR. Coronary circulatory 
dysfunction in insulin resistance, impaired glu-
cose tolerance, and type 2 diabetes mellitus. 
Circulation 2005; 111: 2291-2298.

[62] Niedzwiecki P, Naskret D, Pilacinski S, Pem-
pera M, Uruska A, Adamska A and Zozulinska-
Ziolkiewicz D. The higher the insulin resistance 
the lower the cardiac output in men with type 1 
diabetes during the maximal exercise test. 
Metab Syndr Relat Disord 2017; 15: 252-257.

[63] Kim JA, Montagnani M, Koh KK and Quon MJ. 
Reciprocal relationships between insulin resis-
tance and endothelial dysfunction: molecular 
and pathophysiological mechanisms. Circula-
tion 2006; 113: 1888-1904.

[64] Groen BB, Hamer HM, Snijders T, van Kranen-
burg J, Frijns D, Vink H and van Loon LJ. Skel-
etal muscle capillary density and microvascu-
lar function are compromised with aging and 
type 2 diabetes. J Appl Physiol 2014; 116: 
998-1005.

[65] Ellis CG, Goldman D, Hanson M, Stephenson 
AH, Milkovich S, Benlamri A, Ellsworth ML and 
Sprague RS. Defects in oxygen supply to skel-
etal muscle of prediabetic ZDF rats. Am J 
Physiol Heart Circ Physiol 2010; 298: H1661-
1670.

[66] Asmann YW, Stump CS, Short KR, Coenen-
Schimke JM, Guo Z, Bigelow ML and Nair KS. 
Skeletal muscle mitochondrial functions, mito-
chondrial DNA copy numbers, and gene tran-
script profiles in type 2 diabetic and nondia-
betic subjects at equal levels of low or high 
insulin and euglycemia. Diabetes 2006; 55: 
3309-3319.

[67] León-Latre M, Moreno-Franco B, Andrés-Este-
ban EM, Ledesma M, Laclaustra M, Alcalde V, 
Peñalvo JL, Ordovás JM and Casasnovas JA; 
Aragon Workers’ Health Study investigators. 
Sedentary lifestyle and its relation to cardio-
vascular risk factors, insulin resistance and 
inflammatory profile. Rev Esp Cardiol 2014; 
67: 449-455.

[68] Shanik MH, Xu Y, Skrha J, Dankner R, Zick Y 
and Roth J. Insulin resistance and hyperinsu-
linemia: is hyperinsulinemia the cart or the 
horse? Diabetes Care 2008; 31 Suppl 2: 
S262-268.

[69] Tatsumi Y, Morimoto A, Miyamatsu N, Noda M, 
Ohno Y and Deura K. Effect of body mass index 
on insulin secretion or sensitivity and diabetes. 
Am J Prev Med 2015; 48: 128-135.

[70] Wahrenberg H, Hertel K, Leijonhufvud BM, 
Persson LG, Toft E and Arner P. Use of waist 
circumference to predict insulin resistance: 
retrospective study. BMJ 2005; 330: 1363-
1364.

[71] Fontes-Carvalho R, Ladeiras-Lopes R, Betten-
court P, Leite-Moreira A and Azevedo A. Dia-
stolic dysfunction in the diabetic continuum: 
association with insulin resistance, metabolic 
syndrome and type 2 diabetes. Cardiovasc Dia-
betol 2015; 14: 4.

[72] Caballero B. Humans against obesity: who will 
win? Adv Nutr 2019; 10: S4-S9.

[73] Gobato AO, Vasques AC, Zambon MP, Barros 
Filho Ade A and Hessel G. Metabolic syndrome 
and insulin resistance in obese adolescents. 
Rev Paul Pediatr 2014; 32: 55-62.

[74] Clarke SL, Reaven GM, Leonard D, Barlow CE, 
Haskell WL, Willis BL, DeFina L, Knowles JW 
and Maron DJ. Cardiorespiratory fitness, body 
mass index, and markers of insulin resistance 
in apparently healthy women and men. Am J 
Med 2020; 133: 825-830, e822.

[75] Czernichow S, Kengne AP, Stamatakis E, Ham-
er M and Batty GD. Body mass index, waist cir-
cumference and waist-hip ratio: which is the 
better discriminator of cardiovascular disease 
mortality risk?: evidence from an individual-



Insulin resistance, left ventricular hypertrophy, and cardiorespiratory fitness

600 Am J Cardiovasc Dis 2021;11(5):587-600

participant meta-analysis of 82 864 partici-
pants from nine cohort studies. Obes Rev 
2011; 12: 680-687.

[76] Coutinho T, Goel K, Corrêa de Sá D, Kragelund 
C, Kanaya AM, Zeller M, Park JS, Kober L, Torp-
Pedersen C and Cottin Y. Central obesity and 
survival in subjects with coronary artery dis-
ease: a systematic review of the literature and 
collaborative analysis with individual subject 
data. J Am Coll Cardiol 2011; 57: 1877-1886.

[77] Taylor AE, Ebrahim S, Ben-Shlomo Y, Martin 
RM, Whincup PH, Yarnell JW, Wannamethee 
SG and Lawlor DA. Comparison of the associa-
tions of body mass index and measures of cen-
tral adiposity and fat mass with coronary heart 
disease, diabetes, and all-cause mortality: a 
study using data from 4 UK cohorts. Am J Clin 
Nutr 2010; 91: 547-556.

[78] Liu Y, Tong G, Tong W, Lu L and Qin X. Can body 
mass index, waist circumference, waist-hip ra-
tio and waist-height ratio predict the presence 
of multiple metabolic risk factors in Chinese 
subjects? BMC Public Health 2011; 11: 35.

[79] Brinker SK, Pandey A, Ayers CR, Barlow CE, De-
Fina LF, Willis BL, Radford NB, Farzaneh-Far R, 
de Lemos JA, Drazner MH and Berry JD. Asso-
ciation of cardiorespiratory fitness with left 
ventricular remodeling and diastolic function: 
the cooper center longitudinal study. JACC 
Heart Fail 2014; 2: 238-246.

[80] Shiels HA and White E. The frank-starling 
mechanism in vertebrate cardiac myocytes. J 
Exp Biol 2008; 211: 2005-2013.

[81] Vincent JL. Understanding cardiac output. Crit 
Care 2008; 12: 174.

[82] Joyner MJ and Casey DP. Regulation of in-
creased blood flow (hyperemia) to muscles 
during exercise: a hierarchy of competing phys-
iological needs. Physiol Rev 2015; 95: 549-
601.

[83] Grewal J, McCully RB, Kane GC, Lam C and Pel-
likka PA. Left ventricular function and exercise 
capacity. JAMA 2009; 301: 286-294.

[84] Bonora E, Targher G, Alberiche M, Bonadonna 
RC, Saggiani F, Zenere MB, Monauni T and 
Muggeo M. Homeostasis model assessment 
closely mirrors the glucose clamp technique in 
the assessment of insulin sensitivity: studies 
in subjects with various degrees of glucose tol-
erance and insulin sensitivity. Diabetes Care 
2000; 23: 57-63.

[85] Armstrong AC, Gjesdal O, Almeida A, Nacif M, 
Wu C, Bluemke DA, Brumback L and Lima JA. 
Left ventricular mass and hypertrophy by echo-
cardiography and cardiac magnetic resonance: 
the multi-ethnic study of atherosclerosis. Echo-
cardiography 2014; 31: 12-20.

[86] Mor-Avi V, Sugeng L, Weinert L, MacEneaney P, 
Caiani EG, Koch R, Salgo IS and Lang RM. Fast 
measurement of left ventricular mass with re-
al-time three-dimensional echocardiography: 
comparison with magnetic resonance imaging. 
Circulation 2004; 110: 1814-1818.

[87] Lang RM, Badano LP, Mor-Avi V, Afilalo J, Arm-
strong A, Ernande L, Flachskampf FA, Foster E, 
Goldstein SA and Kuznetsova T. Recommenda-
tions for cardiac chamber quantification by 
echocardiography in adults: an update from 
the American Society of Echocardiography and 
the European Association of Cardiovascular 
Imaging. Eur Heart J Cardiovasc Imaging 2015; 
16: 233-270.


