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Myosteatosis: a potential missing link between hypertension and
metabolic disorder in the Asian population
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Ectopic adipose infiltration in skeletal muscles, or myos-
teatosis, has been shown to be associated with increase in
insulin resistance and increased risk of metabolic disorders
and diabetes mellitus (DM) [1]. Myosteatosis is usually
evaluated using CT scans to evaluate the attenuation of the
skeletal muscles, usually the total abdominal skeletal mus-
cles near the lumbar 3 vetebral area or skeletal muscles of
the lower extremities [2, 3]. Studies have shown that
increase in the proportion of low attenuation muscles is
significantly associated with metabolic disorders, diabetes
and hypertension [2, 4].

Several mechanisms can explain the association myos-
teatosis and insulin resistance. Skeletal muscle is one of
major organs that involves in systemic insulin resistance
process, as the skeletal muscle is a major site of insulin-
stimulated glucose disposal [5]. Diacylglycerol (DAG) and
ceramide are two important lipid intermediates considered
to involve in development of skeletal muscle insulin resis-
tance [6]. Accumulation of DAG in skeletal muscle acti-
vates isoforms of protein kinase C (PKC), leading to
decrease in the activities of insulin receptor substrates
(IRS)-1 and phosphatidylinositol-3 kinase (PI3K) in the
signaling pathway for insulin-stimulated muscle glucose
uptake [6]. Ceramide accumulation also antagonize insulin
signaling by inhibiting two important actors, Akt (protein

>< Sungha Park
shpark0530@yuhs.ac

Division of Endocrinology and Metabolism, Department of
Internal Medicine, Yonsei University College of Medicine,
Seoul, Korea

Institute of Endocrine Research, Yonsei University College of
Medicine, Seoul, Korea

Cardiology Division, Department of Internal Medicine, Yonsei
University College of Medicine, Seoul, Korea

kinase B, PKB) and IRS-1, thereby leading to impaired
glucose uptake and glycogen synthesis in muscle [6-8]. In
addition, excessive ceramide accumulation may induce
mitochondrial dysfunction and reactive oxygen species
(ROS) generation, which also aggravates insulin resistance
in muscle [9, 10].

As myosteatosis is associated with increase in insulin
resistance, it is logical to assume that increase in myostea-
tosis is associated with increased risk in hypertension.
Tobago Health Study, a prospective study longitudinal
study of 746 normotensive men of African ancestry, sup-
ports this hypothesis. During the mean follow up of 6.2
years, decreased skeletal muscle attenuation was associated
with newly developed hypertension [2]. However, because
there are ethnic differences in the relationship between
visceral obesity and cardiometabolic risk profiles, the sig-
nificant association between myosteatosis and hypertension
demonstrated in the Tobago Health Study cannot be gen-
eralized to other ethnicities [11]. Against this backdrop,
Jung et al. did a cross sectional analysis of 19,766 Korean
subjects who underwent abdominal CT scan for health
screening in a single center [12]. The results showed that the
lowest quartile of normal attenuation muscle area (NAMA)/
body mass index (BMI) exhibited 2.3 time and 2.6 times the
risk of hypertension in men and women, respectively. This
suggests that subjects with higher proportion of intramus-
cular adiposity were associated with hypertension. There
were several limitations of the study that need mention.
First, as this was a cross sectional analysis, we do not know
whether myosteatosis is the cause of hypertension. Hyper-
tension is associated with sedentary lifestyles, obesity, poor
diets and metabolic syndrome, which would most likely
increase the degree of myosteatosis. Perhaps an intervention
study to demonstrate whether reduction in myosteatosis is
associated with reduction in the risk of hypertension is
needed as exercise and weight loss have been shown to
significantly reduce myosteatosis [13]. Another limitation is
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Myosteatosis, by increasing skeletal and systemic insulin resistance, induces endothelial dysfunction and increases the risk

of hypertension.
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the lack of standard measurements and cutoff values to
strictly define myosteatosis. For example, the study by Jung
used an artificial algorithm to automatically measure the
body composition of the abdominal skeletal muscles, which
would not be clinically feasible.

Despite the above mentioned limitations, there are sev-
eral points of clinical relevance from this study. First, this
was the first study to demonstrate a significant association
of myosteatosis with hypertension in an Asian population.
Second, the study suggests a possible mediation by myos-
teatosis in the strong association between hypertension and
metabolic disorders at a lower BMI in the Asian population
[14, 15]. Previous studies have shown that for a given BMI,
Asians show a higher body fat percentage compared to
Caucasians [16, 17]. Regarding the fat distribution, Asian in
general tend to have a higher abdominal and ectopic (such
as visceral) fat than Caucasians with similar BMI [18, 19].
Myosteatosis is one of ectopic fat depots as visceral fat and
it predicts insulin sensitivity independently of visceral fat
[20]. Skeletal muscle insulin resistance induced by myos-
teatosis plays a role in the development of systemic insulin
resistance and metabolic syndrome [21]. Skeletal muscle
insulin resistance is characterized by reduced muscle glu-
cose uptake and glycogen synthesis which changes the
pattern of ingested carbohydrate away from storage in
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skeletal muscle into hepatic de novo lipogenesis [21].
Subsequently, increased hepatic de novo lipogenesis results
in increase in triglyceride concentration and decrease in
high-density lipoprotein concentration, promoting athero-
genic dyslipidemia [21]. Atherogenic lipid abnormalities
cause endothelial dysfunction that impairs vasodilation to
appropriate stimuli and eventually increases blood pressure
[22]. Indeed, in a cross sectional analysis of 20,659 parti-
cipants who underwent abdominal CT, metabolically heal-
thy subjects had significantly higher NAMA and NAMA/
total abdominal muscle area (TAMA) compared to meta-
bolically unhealthy subjects, with the NAMA/TAMA index
being independently associated with metabolically unheal-
thy phenotypes in non-obese individuals [23]. This suggests
that not only the quantity but also the quality of the muscles
are important for maintenance of metabolically healthy
status.

Perhaps, the high prevalence of hypertension in the
Asian population despite the relatively lower BMI and
lower prevalence of obesity may partly be due to the rela-
tively higher visceral fat and myosteatosis. However, stu-
dies about ethnic difference in the degree of myosteatosis
between Asian and Caucasian are limited and have shown
conflicting results depending on the region of Asian
population [1, 18]. In addition, the relation between
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intramyocellular lipid content and insulin sensitivity dif-
fered between ethnicity [24]. Thus, future studies are
required to compare the ethnic difference in myosteatosis
and its impact on insulin resistance for a given BMIL

Compliance with ethical standards

Conflict of interest ML has received lecture honoraria from JW
Pharmaceutical Corporation, Boryung Corporation, Eli Lilly and
Company, Merck Sharp & Dohme, HK inno.N, Servier Korea, Han-
dok Inc., and Daewoong Pharmaceutical. SP has received honorarium
from Pfizer, Viatris, Boryoung, Hanmi, Daewoong, Donga, Celltrion,
Servier, Daiichi Sankyo, Chong Kun Dang and Daewon. SP also has
received research grant from Daiichi Sankyo.

Publisher’s note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

References

1. Miljkovic I, Vella CA, Allison M. Computed tomography-derived
myosteatosis and metabolic disorders. Diabetes Metab J.
2021;45:482-91.

2. Zhao Q, Zmuda JM, Kuipers AL, Bunker CH, Patrick AL, Youk
AO, et al. Muscle attenuation is associated with newly developed
hypertension in men of African ancestry. Hypertension.
2017;69:957-63.

3. Ahn H, Kim DW, Ko Y, Ha J, Shin YB, Lee J, et al. Updated
systematic review and meta-analysis on diagnostic issues and the
prognostic impact of myosteatosis: a new paradigm beyond sar-
copenia. Ageing Res Rev. 2021;70:101398.

4. Tanaka M, Okada H, Hashimoto Y, Kumagai M, Nishimura H,
Fukui M. Low-attenuation muscle is a predictor of diabetes mel-
litus: a population-based cohort study. Nutrition. 2020;74:110752.

5. Correa-de-Araujo R, Addison O, Miljkovic I, Goodpaster BH,
Bergman BC, Clark RV, et al. Myosteatosis in the context of
skeletal muscle function deficit: an Interdisciplinary Workshop at
the National Institute on Aging. Front Physiol. 2020;11:963.

6. Kitessa SM, Abeywardena MY. Lipid-induced insulin resistance
in skeletal muscle: the chase for the culprit goes from total
intramuscular fat to lipid intermediates, and finally to species of
lipid intermediates. Nutrients. 2016;8:466.

7. Bandet CL, Tan-Chen S, Bourron O, Le Stunff H, Hajduch E.
Sphingolipid metabolism: new insight into ceramide-induced
lipotoxicity in muscle cells. Int J Mol Sci. 2019;20:479.

8. Park M, Kaddai V, Ching JH, Fridianto KT, Sieli RJ, Sugii S,
et al. A role for ceramides, but not sphingomyelins, as antagonists
of insulin signaling and mitochondrial metabolism in C2C12
myotubes. J Biol Chem. 2016;291:23978-88.

9. Tucker BJ, Smith ME, Bikman BT. Ceramides increase mito-
chondrial ROS generation via altered mitochondrial dynamics in
skeletal muscle. FASEB J. 2013;27:114.

10. Summers SA. Ceramides in insulin resistance and lipotoxicity.
Prog Lipid Res. 2006;45:42-72.

11. Nazare JA, Smith JD, Borel AL, Haffner SM, Balkau B, Ross R,
et al. Ethnic influences on the relations between abdominal sub-
cutaneous and visceral adiposity, liver fat, and cardiometabolic
risk profile: the International Study of Prediction of Intra-
Abdominal Adiposity and Its Relationship With Cardiometa-
bolic Risk/Intra-Abdominal Adiposity. Am J Clin Nutr.
2012;96:714-26.

12. Jung HN, Cho YK, Kim HS, Kim EH, Lee MJ, Lee W, et al.
Association between hypertension and myosteatosis evaluated by
abdominal computed tomography. Hypertens Res. 2023. https:/
doi.org/10.1038/s41440-022-01157-y.

13. Prior SJ, Joseph LJ, Brandauer J, Katzel LI, Hagberg JM, Ryan
AS. Reduction in midthigh low-density muscle with aerobic
exercise training and weight loss impacts glucose tolerance in
older men. J Clin Endocrinol Metab. 2007;92:880-6.

14. Colin Bell A, Adair LS, Popkin BM. Ethnic differences in the
association between body mass index and hypertension. Am J
Epidemiol. 2002;155:346-53.

15. Ko GT, Chan JC, Cockram CS, Woo J. Prediction of hyperten-
sion, diabetes, dyslipidaemia or albuminuria using simple
anthropometric indexes in Hong Kong Chinese. Int J Obes Relat
Metab Disord. 1999;23:1136-42.

16. Deurenberg P, Deurenberg Yap M, Wang J, Lin FP, Schmidt G.
The impact of body build on the relationship between body mass
index and percent body fat. Int J Obes Relat Metab Disord.
1999;23:537-42.

17. Lim U, Monroe KR, Buchthal S, Fan B, Cheng I, Kristal BS, et al.
Propensity for intra-abdominal and hepatic adiposity varies among
ethnic groups. Gastroenterology. 2019;156:966-75.

18. Wulan SN, Westerterp KR, Plasqui G. Ethnic differences in body
composition and the associated metabolic profile: a comparative
study between Asians and Caucasians. Maturitas. 2010;65:315-9.

19. Lim U, Ernst T, Buchthal SD, Latch M, Albright CL, Wilkens LR,
et al. Asian women have greater abdominal and visceral adiposity
than Caucasian women with similar body mass index. Nutr Dia-
betes. 2011;1:e6.

20. Goodpaster BH, Thaete FL, Simoneau JA, Kelley DE. Sub-
cutaneous abdominal fat and thigh muscle composition predict
insulin sensitivity independently of visceral fat. Diabetes.
1997;46:1579-85.

21. Petersen KF, Dufour S, Savage DB, Bilz S, Solomon G, Yone-
mitsu S, et al. The role of skeletal muscle insulin resistance in the
pathogenesis of the metabolic syndrome. Proc Natl Acad Sci
USA. 2007;104:12587-94.

22. Halperin RO, Sesso HD, Ma J, Buring JE, Stampfer MJ, Gaziano
JM. Dyslipidemia and the risk of incident hypertension in men.
Hypertension. 2006;47:45-50.

23. Kim HK, Lee MJ, Kim EH, Bae SJ, Kim KW, Kim CH. Com-
parison of muscle mass and quality between metabolically healthy
and unhealthy phenotypes. Obesity. 2021;29:1375-86.

24. Forouhi NG, Jenkinson G, Thomas EL, Mullick S, Mierisova S,
Bhonsle U, et al. Relation of triglyceride stores in skeletal muscle
cells to central obesity and insulin sensitivity in European and
South Asian men. Diabetologia. 1999;42:932-5.

SPRINGER NATURE


https://doi.org/10.1038/s41440-022-01157-y
https://doi.org/10.1038/s41440-022-01157-y

	Myosteatosis: a potential missing link between hypertension and metabolic disorder in the Asian population
	Outline placeholder
	Compliance with ethical standards

	ACKNOWLEDGMENTS
	References




