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Abstract 
Hypertension, or elevated blood pressure, is a significant global health burden affecting over 1.28 billion 
individuals. It is a major risk factor for cardiovascular diseases such as heart failure, stroke, and coronary artery 
disease. While its hemodynamic effects, such as increased arterial stiffness and left ventricular hypertrophy, are 
widely studied, the impact of hypertension on heart metabolism is less understood but equally critical. 
Hypertension, a prevalent cardiovascular disorder, significantly impacts cardiac structure, function, and 
metabolism. The chronic elevation of blood pressure imposes a sustained increase in cardiac workload, leading 
to pathological changes such as left ventricular hypertrophy (LVH), myocardial fibrosis, and capillary 
rarefaction. These structural adaptations disrupt the heart’s ability to maintain metabolic efficiency and 
flexibility. This manuscript provides a comprehensive review of the mechanisms by which hypertension alters 
cardiac metabolism, highlighting its profound effects on substrate utilization, mitochondrial function, and 
energy homeostasis. A key metabolic hallmark of hypertensive hearts is a shift in substrate utilization from 
glucose oxidation to an overreliance on fatty acid oxidation (FAO). While FAO typically serves as the primary 
energy source for the heart, its upregulation in hypertensive conditions is inefficient, oxygen-intensive, and 
associated with the accumulation of toxic lipid intermediates, leading to lipotoxicity. Concurrently, glucose 
uptake and oxidation are impaired due to reduced activity of glucose transporters, insulin resistance, and 
dysregulated signaling pathways. This metabolic inflexibility exacerbates energy deficits and compromises 
cardiac performance. Mitochondrial dysfunction emerges as a central feature in hypertension-induced metabolic 
derangements. The overproduction of reactive oxygen species (ROS), mitochondrial DNA damage, and 
impaired oxidative phosphorylation disrupt ATP generation, creating a state of energy starvation. Dysregulation 
of key molecular pathways, including the AMP-activated protein kinase (AMPK), peroxisome proliferator-
activated receptors (PPARs), and mammalian target of rapamycin (mTOR), further impairs energy sensing, 
substrate utilization, and mitochondrial biogenesis. Additionally, neurohormonal activation—particularly the 
renin-angiotensin-aldosterone system (RAAS) and sympathetic overdrive—drives oxidative stress, 
inflammation, and maladaptive remodelling, further compounding the metabolic burden on the heart. 
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Introduction 

The heart is an energy-intensive organ, consuming 
nearly 6 kg of adenosine triphosphate (ATP) daily 
to maintain uninterrupted mechanical and electrical 
activity. This demand is met through a highly 
adaptable metabolic system, primarily dependent 
on fatty acid and glucose oxidation. The balance 
between these substrates ensures efficient energy 
production under varying physiological conditions, 
such as exercise or fasting.[1] Hypertension, 
characterized by a sustained increase in arterial 
blood pressure, disrupts this metabolic balance. As 
the heart works harder to overcome increased 

vascular resistance, its energy demands rise, 
leading to compensatory structural changes like left 
ventricular hypertrophy (LVH).[2] Over time, these 
structural changes are accompanied by profound 
metabolic remodeling, including impaired substrate 
utilization, mitochondrial dysfunction, and 
increased oxidative stress. These maladaptive 
changes, while initially compensatory, ultimately 
contribute to cardiac inefficiency and the 
progression of heart failure. This article provides a 
comprehensive exploration of how hypertension 
alters heart metabolism, the pathological 
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consequences, and emerging therapeutic strategies aimed at preserving cardiac health. 
 
Table 1: Categories of blood pressure levels (mm Hg) – new classification recommended by the American 

College of Cardiology (ACC) and American Heart Association (AHA)-2024. 
BP Category SBP (mmHg) 

 
DBP (mmHg) 

Normal < 120 and < 80 
Elevated 120–129 and < 80 
Hypertension 
Stage 1 130–139 &/or 80–89 
Stage 2 ≥ 140 &/or ≥ 90 
Hypertensive Crisis > 180 &/or > 120 
                                DBP = Diastolic Blood Pressure; SBP = Systolic Blood Pressure. 
 
Pathophysiology behind the Heart Metabolism: 
1. Hemodynamic Stress and Increased Cardiac 
Workload: 

Increased Afterload: 

• Hypertension elevates systemic vascular 
resistance, forcing the left ventricle to work 
harder to pump blood. 

• This increased workload results in higher 
oxygen demand and energy consumption by 
cardiomyocytes.[3] 

Left Ventricular Hypertrophy (LVH): 

• To cope with increased afterload, the 
myocardium undergoes hypertrophy. However, 
this adaptive mechanism becomes maladaptive 
over time, leading to: 

• Increased myocardial mass. 
• Reduced capillary density (mismatch in 

oxygen delivery and demand).[4] 

2. Metabolic Shift in Energy Substrate 
Utilization: 

Healthy Heart Metabolism: 

• The heart normally derives ~70% of its energy 
from fatty acid oxidation (FAO) and ~30% 
from glucose oxidation, with some flexibility 
during stress.[5] 

Hypertensive Heart Metabolism: 

• Shift to Fatty Acid Oxidation: 

• Hypertension promotes a shift toward 
increased reliance on FAO, which is less 
efficient (requires more oxygen per ATP 
generated) compared to glucose oxidation.[6] 

• This metabolic inflexibility exacerbates energy 
deficits, particularly during ischemia or stress. 

Impaired Glucose Utilization: 

• Hypertension reduces glucose uptake via 
downregulation of GLUT4 transporters and 
impaired insulin signaling. 

• Reduced pyruvate oxidation in the 
mitochondria leads to lactate accumulation and 
reduced efficiency of ATP production. 

Lipotoxicity: Excessive reliance on FAO leads to 
accumulation of toxic lipid intermediates (e.g., 
ceramides, diacylglycerol) in cardiomyocytes, 
contributing to mitochondrial dysfunction and 
apoptosis.[7] 

1) Mitochondrial Dysfunction: 

Oxidative Stress: 

• Hypertension induces the overproduction of 
reactive oxygen species (ROS) through 
activation of NADPH oxidase and 
mitochondrial dysfunction. 

• ROS damages mitochondrial proteins, lipids, 
and DNA, impairing oxidative phosphorylation 
and energy production.[8] 

Reduced Mitochondrial Biogenesis: 

• Downregulation of energy-sensing pathways 
like AMPK and PGC-1α impairs mitochondrial 
biogenesis and function. 

ATP Depletion: 

• With impaired oxidative phosphorylation and 
inefficient substrate utilization, ATP 
production declines, compromising cardiac 
contractility.[9] 

2) Neurohormonal Activation: 

Renin-Angiotensin-Aldosterone System (RAAS): 

• Chronic activation of RAAS in hypertension 
promotes: 

• Angiotensin II production, which increases 
oxidative stress, inflammation, and 
mitochondrial dysfunction. 

• Aldosterone release, which exacerbates 
fibrosis, oxidative stress, and further disrupts 
metabolic processes.[10] 

Sympathetic Nervous System (SNS) Over 
activation: 

• SNS overdrive increases cardiac workload and 
catecholamine-induced oxidative stress, 
worsening energy imbalances. 

• Elevated norepinephrine levels impair β-
oxidation and glucose uptake. 
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Fig. 1: Consequences of hypertension on heart metabolism and function. 

 
The figure shows how hypertension shifts fuel 
preference from fatty acids toward carbohydrates. 
AMPK, AMP kinase; β-HADH, β-hydroxy-acyl-
CoA dehydrogenase; CK, creatine kinase; CS, 
citrate synthase; HF, heart failure; HK, hexokinase; 
LKB1, liver kinase B; LVH, left ventricle 
hypertrophy; Pcr, phosphocreatine; PDH, pyruvate 
dehydrogenase; PFK, phosphofructokinase; PH, 
phosphorylase; PKCε, protein kinase C ε; PPARα, 
peroxisome proliferator-activated receptor alpha.[1] 

1) Structural and Functional Changes: 

Fibrosis: Hypertension induces myocardial 
fibrosis, reducing myocardial compliance and 
impairing oxygen and nutrient delivery. 

Capillary Rarefaction: Reduced capillary density 
limits substrate delivery (e.g., oxygen, glucose) to 
hypertrophied myocardium, further impairing 
metabolism.[11] 

Impaired Diastolic Function: Stiffening of the 
ventricular wall due to fibrosis and hypertrophy 
reduces ventricular filling and compromises the 
heart’s ability to meet metabolic demands. 

2) Inflammatory and Immune Activation: 

• Hypertension promotes a low-grade 
inflammatory state with increased production 
of pro-inflammatory cytokines (e.g., TNF-α, 
IL-6). 

• Chronic inflammation contributes to 
mitochondrial dysfunction, oxidative stress, 
and metabolic derangements.[12] 

3) Dysregulation of Metabolic Pathways: 

AMPK Pathway: Downregulation of AMPK 
activity impairs energy sensing, reducing glucose 
uptake and fatty acid oxidation. 

PPAR Pathway: Decreased PPARα/PPARγ 
activity reduces expression of enzymes involved in 

fatty acid metabolism, worsening lipotoxicity and 
energy inefficiency.[13] 

mTOR Pathway: Over activation of mTOR 
promotes protein synthesis and hypertrophy at the 
expense of energy availability and autophagy, 
leading to accumulation of damaged organelles. 

4) Clinical Consequences of Metabolic 
Changes: 

Heart Failure with Preserved Ejection Fraction 
(HFpEF): The combination of diastolic 
dysfunction, hypertrophy, and metabolic 
inefficiency predisposes hypertensive patients to 
HFpEF. 

Energy Starvation: Persistent energy deficits 
contribute to reduced cardiac output and 
progression to heart failure. 

Ischemia-Prone State: Metabolic inflexibility and 
reduced oxygen efficiency increase susceptibility to 
ischemic injury, even in non-obstructive coronary 
artery disease.[14] 

Summary 

The pathophysiology of how hypertension affects 
heart metabolism involves: 

1. Increased workload → hypertrophy and 
energy demands. 

2. Metabolic shifts → reduced glucose 
oxidation, increased fatty acid oxidation, 
and lipotoxicity.[15] 

3. Mitochondrial dysfunction → impaired 
oxidative phosphorylation and ATP 
depletion. 

4. Neurohormonal activation → oxidative 
stress and inflammation. 

5. Structural changes → fibrosis and 
capillary rarefaction. 
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These processes create a vicious cycle of metabolic 
inefficiency, energy deficits, and cardiac 
dysfunction, ultimately leading to heart failure. 

Metabolic Remodelling in Hypertension 

1. Substrate Utilization Shift: 

Hypertension induces a shift from fatty acid 
oxidation to glucose metabolism. This shift may 
initially improve energy efficiency but later leads 
to metabolic inflexibility and reduced ATP yield. 
Impaired fatty acid oxidation results in lipid 
accumulation, causing lipotoxicity and cellular 
damage.[16] 

2. Mitochondrial Dysfunction: 

Hypertension damages mitochondrial membranes, 
impairing the electron transport chain and ATP 
synthesis. Dysfunctional mitochondria produce 
excessive ROS, exacerbating oxidative stress and 
damaging cardiomyocytes.[17] 

3. Calcium Handling Abnormalities: 

Hypertension disrupts intracellular calcium cycling, 
impairing mitochondrial calcium uptake and ATP 
production. Abnormal calcium handling also 
contributes to arrhythmias and contractile 
dysfunction.[18] 

4. Oxidative Stress and Inflammation: 

Elevated ROS levels overwhelm antioxidant 
defenses, leading to oxidative damage of proteins, 
lipids, and DNA. Pro-inflammatory pathways are 
activated, promoting fibrosis and further disrupting 
metabolism.[19] 

5. Neurohormonal Activation: 

Chronic hypertension activates the Renin-
Angiotensin-Aldosterone System (RAAS) and 
sympathetic nervous system (SNS), driving 
oxidative stress and metabolic inefficiency. 

Consequences of Metabolic Remodelling in 
Hypertension 

Reduced Cardiac Efficiency: The shift in 
substrate utilization, coupled with mitochondrial 
dysfunction, reduces the heart’s ability to produce 
ATP efficiently. This energy deficit impairs 
contractile function and compromises the heart’s 
ability to sustain increased workloads.[20] 

Lipotoxicity and Cellular Damage: Accumulation 
of lipid intermediates within cardiomyocytes leads 
to lipotoxicity, characterized by: 

ü Apoptosis and necrosis of cardiomyocytes. 
ü Inflammatory responses and mitochondrial 
damage. 

Progression to Heart Failure 

Hypertension-induced metabolic remodelling plays 
a pivotal role in the progression from compensated 
hypertrophy to heart failure, characterized by: 

• Impaired systolic and diastolic function. 
• Increased fibrosis, stiffening myocardial tissue. 
• Heightened vulnerability to arrhythmias. 

Therapeutic Approaches to Address 
Hypertension-Induced Metabolic Changes 

Lifestyle Interventions 

1) Dietary Modifications: The DASH 
(Dietary Approaches to Stop Hypertension) diet 
improves blood pressure and reduces oxidative 
stress through increased intake of fruits, vegetables, 
whole grains, and lean protein. Omega-3 fatty acids 
from fish oil enhance mitochondrial function and 
reduce inflammation.[21] 

2) Physical Activity: Regular aerobic 
exercise improves mitochondrial efficiency, 
promotes fatty acid oxidation, and reduces 
oxidative stress.[22] 

3) Weight Management: Maintaining a 
healthy weight reduces cardiac workload and 
improves metabolic health. Pharmacological 
Therapies[23] 

a. Antihypertensive Drugs: 

• ACE Inhibitors and ARBs: Mitigate RAAS 
activation, reducing oxidative stress and 
inflammation. 

• Beta-Blockers: Lower heart rate and 
myocardial oxygen demand, enhancing energy 
efficiency.[24] 

b. Metabolic Modulators: Drugs like 
trimetazidine and perhexiline shift metabolism 
toward glucose oxidation, improving ATP 
production efficiency.[25] 

c. SGLT2 Inhibitors: These drugs enhance 
glucose and ketone body utilization, improving 
cardiac metabolism and outcomes in hypertensive 
patients.[26] 

d. Antioxidants: Compounds like coenzyme 
Q10 and vitamin E neutralize ROS and protect 
mitochondrial function.[27] 

Future Directions in Research 

1. Molecular Pathways: Exploring pathways 
involved in hypertension- induced metabolic 
remodeling can identify new therapeutic 
targets.[28] 

2. Precision Medicine: Tailoring treatments to 
individual metabolic profiles could enhance 
treatment efficacy.[29] 

3. Gene Therapy: Emerging technologies may 
offer ways to restore mitochondrial function 
and metabolic flexibility.[30] 



 
  

International Journal of Current Pharmaceutical Review and Research           e-ISSN: 0976-822X, p-ISSN: 2961-6042 

Siddiqqi et al.                                   International Journal of Current Pharmaceutical Review and Research  

162   

4. Prevention: Early detection and management 
of hypertension could prevent long-term 
metabolic complications. 

Conclusion 
Hypertension exerts a profound impact on heart 
metabolism through a combination of mechanical, 
molecular, and metabolic disturbances. The chronic 
elevation of blood pressure increases cardiac 
workload and oxygen demand, driving pathological 
changes such as left ventricular hypertrophy, 
myocardial fibrosis, and capillary rarefaction. 
These structural and functional adaptations impose 
a heavy burden on cardiomyocytes, disrupting their 
ability to maintain energy homeostasis. 
At the molecular level, hypertension alters the 
heart’s substrate utilization, leading to a metabolic 
shift from glucose oxidation to an overreliance on 
fatty acid oxidation. While fatty acid oxidation 
provides a major energy source for the heart under 
normal conditions, its excessive activation in 
hypertension is metabolically inefficient and 
oxygen-intensive, resulting in lipotoxicity and 
mitochondrial dysfunction. Concurrently, impaired 
glucose uptake and oxidation further exacerbate the 
energy imbalance. This metabolic inflexibility is 
compounded by dysregulation of key signaling 
pathways, including reduced activity of AMPK, 
PPARs, and impaired mitochondrial biogenesis, 
along with overactivation of mTOR, which 
promotes hypertrophy at the expense of energy 
efficiency. 
Mitochondrial dysfunction emerges as a central 
feature in the hypertensive heart, marked by 
oxidative stress, disrupted oxidative 
phosphorylation, and reduced ATP production. The 
excessive production of reactive oxygen species 
(ROS), coupled with mitochondrial DNA damage 
and impaired autophagy, further accelerates the 
decline in cardiac energy metabolism. These 
changes are reinforced by neurohormonal 
activation, particularly the renin-angiotensin-
aldosterone system (RAAS) and sympathetic 
overdrive, which drive oxidative stress, 
inflammation, and maladaptive cardiac remodeling. 
The metabolic derangements caused by 
hypertension not only compromise cardiac function 
but also contribute to the progression of heart 
failure, particularly heart failure with preserved 
ejection fraction (HFpEF). The vicious cycle of 
energy deficits, oxidative stress, and structural 
remodeling underscores the critical role of 
metabolic health in cardiovascular disease. 
Therapeutic strategies targeting these metabolic 
disruptions hold promise for mitigating the adverse 
effects of hypertension on the heart. 
Pharmacological interventions, such as RAAS 
inhibitors, PPAR agonists, and AMPK activators, 
aim to restore metabolic flexibility and improve 

energy efficiency. Additionally, lifestyle 
modifications, including dietary changes and 
physical activity, may attenuate the metabolic 
burden on the heart by enhancing mitochondrial 
function and reducing oxidative stress. 
In summary, hypertension-induced changes in heart 
metabolism represent a complex interplay of 
hemodynamic, molecular, and metabolic factors 
that drive cardiac dysfunction and disease 
progression. Understanding the intricate pathways 
involved provides a foundation for developing 
targeted therapies that address the metabolic 
underpinnings of hypertensive heart disease. Future 
research should focus on elucidating these 
mechanisms further, identifying novel biomarkers 
of metabolic dysfunction, and advancing 
therapeutic approaches to improve outcomes in 
patients with hypertension. 
References  
1. Iwaniuk PA, Symbor HE, Gołaszewska 

K, Chabowski A: How Hypertension Affects 
Heart Metabolism: Front Physiol, 2019 Apr 
16; 10:435. doi: 10.3389/fphys.2019.00435. 

2. Aitman T. J., Glazier A. M., Wallace C. A., 
Cooper L. D., Norsworthy P. J., Wahid F. N., 
et al. (1999). Identification of Cd36 (Fat) as an 
insulin-resistance gene causing defective fatty 
acid and glucose metabolism in hypertensive 
rats. Nat. Genet. 21 76–83. 10.1038/5013. 

3. Akholkar P. J., Gandhi A. A., Shah C. M. 
(2015). The metabolic syndrome among 
hypertensive patients: a cross-sectional 
study. Int. J. Adv. Med. 2 188–191. 
10.18203/2349-3933.ijam20150542. 

4. Allard M. F., Schönekess B. O., Henning S. L., 
English D. R., Lopaschuk G. D. (1994). 
Contribution of oxidative metabolism and 
glycolysis to ATP production in hypertrophied 
hearts. Am. J. Physiol. 267(2 Pt 2), H742–
H750. 10.1152/ajpheart.1994.267.2.h742. 

5. Atkins K. B., Johns D., Watts S., Clinton 
Webb R., Brosius F. C. (2001). Decreased 
vascular glucose transporter expression and 
glucose uptake in DOCA-salt hypertension. J. 
Hypertens. 19 1581–1587. 
10.1016/j.pharep.2015.10.004. 

6. Bairwa S. C., Parajuli N., Dyck J. R. (2016). 
The role of AMPK in cardiomyocyte health 
and survival. Biochim. Biophys. Acta 1862 
2199–2210. 10.1016/j.bbadis.2016.07.001. 

7. Banerjee S. K., McGaffin K. R., Pastor-Soler 
N. M., Ahmad F. (2009). SGLT1 is a novel 
cardiac glucose transporter that is perturbed in 
disease states. Cardiovasc. Res. 84 111–118. 
10.1093/cvr/cvp190. 

8. Barger P. M., Kelly D. P. (1999). Fatty acid 
utilization in the hypertrophied and failing 
heart: molecular regulatory mechanisms. Am. 

https://pubmed.ncbi.nlm.nih.gov/?term=%22Polak-Iwaniuk%20A%22%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=%22Harasim-Symbor%20E%22%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=%22Go%C5%82aszewska%20K%22%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=%22Chabowski%20A%22%5BAuthor%5D
https://doi.org/10.3389/fphys.2019.00435


 
  

International Journal of Current Pharmaceutical Review and Research           e-ISSN: 0976-822X, p-ISSN: 2961-6042 

Siddiqqi et al.                                   International Journal of Current Pharmaceutical Review and Research  

163   

J. Med. Sci. 318 36–42. 10.1097/00000441-
199907000-00006. 

9. Becker C., Sevilla L., Tomàs E., Palacin M., 
Zorzano A., Fischer Y. (2001). The endosomal 
compartment is an insulin-sensitive 
recruitment site for GLUT4 and GLUT1 
glucose transporters in cardiac myocytes. 
Endocrinology 142 5267–5276. 10.1210/endo. 
142.12.8555. 

10. Bonen A., Han X. X., Tandon N. N., Glatz J. 
F., Lally J., Snook L. A., et al. (2009). 
FAT/CD36 expression is not ablated in 
spontaneously hypertensive rats. J. Lipid 
Res. 50 740–748. 10.1194/jlr.M800237-
JLR200. 

11. Bonen A., Luiken J. J., Glatz J. F. (2002). 
Regulation of fatty acid transport and 
membrane transporters in health and 
disease. Mol. Cell. Biochem. 239 181–192. 
10.1007/978-1-4419-9270-3_23. 

12. Cerychova R., Pavlinkova G. (2018). HIF-1, 
metabolism, and diabetes in the embryonic and 
adult heart. Front. Endocrinol. 9:460. 
10.3389/fendo.2018.00460. 

13. Chabowski A., Coort S. L., Calles-Escandon 
J., Tandon N. N., Glatz J. F., Luiken J. J., et al. 
(2004). Insulin stimulates fatty acid transport 
by regulating expression of FAT/CD36 but not 
FABPpm. Am. J. Physiol. Endocrinol. 
Metab. 287 E781–E789. 10.1152/ajpendo.0057 
3.2003. 

14. Chabowski A., Coort S. L., Calles-Escandon 
J., Tandon N. N., Glatz J. F., Luiken J. J., et al. 
(2005). The subcellular compartmentation of 
fatty acid transporters is regulated differently 
by insulin and by AICAR. FEBS Lett. 579 
2428–2432. 10.1016/j.febslet.2004.11.118. 

15. Chabowski A., Górski J., Bonen A. (2006). 
Regulation of fatty acid transport: from 
transcriptional to posttranscriptional effects. 
Naunyn Schmiedebergs Arch. Pharmac ol. 373 
259–263. 10.1007/s00210-006-0075-0. 

16. Chabowski A., Górski J., Glatz J. F., Luiken J. 
J., Bonen A. (2008). Protein-mediated fatty 
acid uptake in the heart. Curr. Cardiol. Rev. 4 
12–21. 10.2174/157340308783565429. 

17. Chang L., Chiang S. H., Saltiel A. R. (2004). 
Insulin signaling and the regulation of glucose 
transport. Mol. Med. 10 65–71. 10.2119/2005-
00029. 

18. Chen T., Liu J., Li N., Wang S., Liu H., Li J., 
et al. (2015). Mouse SIRT3 attenuates 
hypertrophy-related lipid accumulation in the 
heart through the deacetylation of 
LCAD. PLoS One 10:e0118909. 10.1371/ 
journal.pone.0118909. 

19. Chen W., Li F., He C., Zhu Y., Tan W. (2014). 
Elevated prevalence of abnormal glucose 
metabolism in patients with primary 

aldosteronism: a meta-analysis. Ir. J. Med. 
Sci. 183 283–291. 10.1007/s11845-013-1007-
x. 

20. Christe M. E., Rodgers R. L. (1994). Altered 
glucose and fatty acid oxidation in hearts of the 
spontaneously hypertensive rat. J. Mol. Cell. 
Cardiol. 26 1371–1375. 10.1006/jmcc.1994.11 
55. 

21. Christe M. E., Rodgers R. L. (1995). Cardiac 
glucose and fatty acid oxidation in the 
streptozotocin-induced diabetic spontaneously 
hypertensive rat. Hypertension 25 235–241. 
10.1161/01.hyp.25.2.235. 

22. Coprean D., Roşioru C., Toma V., Tofan L. 
(1993). Heart metabolic modifications induced 
by nifedipine treatment in normo- and 
hypertensive Wistar rats. Rom. J. Physiol. 30 
109–113.  

23. Corry D. B., Tuck M. L. (2003). The effect of 
aldosterone on glucose metabolism. Curr. 
Hypertens. Rep. 5 106–109. 10.1007/s11906-
003-0065-2. 

24. Dai S., Fraser H., McNeill J. H. (1992). Effects 
of deoxycorticosterone acetate on glucose 
metabolism in nondiabetic and streptozotocin-
diabetic rats. Can. J. Physiol. Pharmacol. 70 
1468–1472. 10.1139/y92-207. 

25. Dai S., McNeill J. H. (1992). Myocardial 
performance of STZ-diabetic DOCA-
hypertensive rats. Am. J. Physiol. 263(6 Pt 2), 
H1798–H1805. 10.1152/ajpheart.1992.263.6.h 
1798. 

26. Daud D., Badruzzaman N. A., Sidik N. J., 
Tawang A. (2016). Phaleria macrocarpa fruits 
methanolic extract reduces blood pressure and 
blood glucose in spontaneous hypertensive rats 
(SHR). J. Appl. Pharm. Sci. 6 158–161. 
10.7324/JAPS.2016.600126. 

27. de las Fuentes L., Herrero P., Peterson L. R., 
Kelly D. P., Gropler R. J., Dávila-Román V. 
G. (2003). Myocardial fatty acid metabolism: 
independent predictor of left ventricular mass 
in hypertensive heart disease. Hypertension 41 
83–87. 10.1161/01.hyp.0000047668.48494.39.  

28. e las Fuentes L., Soto P. F., Cupps B. P., 
Pasque M. K., Herrero P., Gropler R. J., et al. 
(2006). Hypertensive left ventricular 
hypertrophy is associated with abnormal 
myocardial fatty acid metabolism and 
myocardial efficiency. J. Nucl. Cardiol. 13 
369–377. 10.1016/j.nuclcard.2006.01.021. 

29. Depré C., Rider M. H., Hue L. (1998). 
Mechanisms of control of heart 
glycolysis. Eur. J. Biochem. 258 277–290. 
10.1046/j.1432-1327.1998.2580277.x. 

30. Desvergne B., Michalik L., Wahli W. (2006). 
Transriptional regulation of metabolism. 
Physiol. Rev. 86 465–514. 10.1152/physrev.00 
025.2005.

 


