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Abstract
Purpose The purpose of this study was to examine the
effect of the angiotensin I-converting enzyme (ACE) I/D
gene polymorphism on athletic status and physical performance of well-trained Malaysian athletes.
Methods 180 well-trained athletes (34 endurance, 41
strength/power, and 105 intermittent athletes) and 180
sedentary controls involved in the study. A sample of DNA
was retrieved via buccal cell from each subject and the
polymorphism was then identified through Polymerase
Chain Reaction. The endurance performance and leg
strength of athletes were evaluated with twenty meters Yo–
Yo intermittent recovery level 2 and maximal voluntary
contraction tests, respectively. Chi-square test and one-way
ANOVA were used for data analysis.
Results The II genotype was more prevalent among the
endurance athletes (0.38) compared to the intermittent
athletes (0.14), strength/power athletes (0.05), and controls
(0.31) (p = 0.00). Conversely, the DD genotype was more
prevalent among the strength/power athletes (0.66) compared to the endurance athletes (0.26), intermittent athletes
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(0.47), and controls (0.15). The endurance performance
was not significantly associated with ACE genotype in the
athletes (p = 0.828). However, athletes with the DD
genotype had a better result for leg strength (113.8 ± 36.2)
compared to those with the II (96.2 ± 28.0) and the ID
(112.2 ± 33.5) genotypes (p = 0.047).
Conclusion This study reaffirms previous finding reported in Caucasian samples for the association of I and D
alleles with endurance and strength/power performance,
respectively. The finding of this study highlights the importance of genetic screening in identifying future sporting
talents.
Keywords ACE  Insertion/deletion  Athletic
performance  Malaysian

Introduction
Growing evidence supports the significance of angiotensin
I-converting enzyme (ACE) I/D gene polymorphism in
athletic performance [1–5]. The I allele is overrepresented
in elite distance runners [6–10], rowers [11, 12], triathletes
[10, 13], long distance swimmers [10, 14], skiers [10], race
walkers [10], and long distance cyclists [7, 15]. In contrast,
the D allele is more common among those involved in
power or strength-oriented sports, such as short distance
swimmers [16–18], skiers [18], and wrestlers [15].
Physiological attributes related to improved endurance
performance among individuals with the I allele include an
increase in the delivery of oxygenated blood to the working
muscles [19], greater cardiac output [20], and a higher
maximal oxygen uptake [1, 21] compared to those with the
D allele. The D allele is associated with a higher left
ventricular mass [21–23], greater grip strength [17], muscle
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hypertrophy [24], and low risk for developing muscle
damage [25]. The renin angiotensin system (RAS) may be
the underlying mechanism responsible for these physiological attributes [26]. Rigat et al. [19] reported that the
serum ACE concentration in the RAS was lowest among
individuals with I alleles and highest in individuals with D
alleles. Because the lower level of serum ACE decreased
the production of angiotensin II (ANG II), a potent vasodepressor and aldosterone-stimulating peptide [27], an
individual with two copies of the I allele may have a
greater endurance capacity compared to those with two
copies of the D allele and the resulting increased delivery
of oxygenated blood to the working muscles [19]. Conversely, greater production of ANG II, which is a growth
factor necessary for the hypertrophy of skeletal muscle, in
the D allele carrier may confer an advantage for the short
duration and high intensity activity that characterizes
strength/power-oriented sports performance [14, 28].
To date, the association between superior endurance and
strength performance and the ACE I/D gene polymorphism
has mostly been reported in Caucasians [2–4], and limited
observations have been made among Asians [1]. Within
this limited data set, a distinct difference in the ACE I/D
polymorphism between Asians and Caucasians was observed [29–31]; the prevalence of the I allele was found to
be more frequent among various Asians populations [29,
30, 32] compared to Caucasians [33–36]. This finding
raises the question of whether the effect of ACE I/D gene
polymorphism on athletic performance that previously reported for Caucasians athletes would also appear in
Malaysian athletes. Hence, this study was designed to explore the association between the ACE I/D gene polymorphism and athletic status and physical performance of
well-trained Malaysian athletes.

Methods and subjects
Subjects
This case control, cross-sectional study included 180 varsity athletes (148 male, 32 female), who represent the
university in sporting competition, aged 20 ± 2
(mean ± standard deviation) years and 180 sedentary
healthy individuals (70 male, 110 female) aged
20 ± 2 years. All subjects were university students from
several universities in Malaysia. Within the cohort of athletes, 34 subjects were classified as endurance athletes, 41
subjects as strength/power athletes, and 105 subjects as
intermittent athletes according to their sport discipline. All
the subjects in the athlete and control groups were
Malaysian Asians, with Malay (55 %), Chinese (24.7 %),
Other Bumiputras (12.9 %), and Indian (7.4 %) descent in
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each group. Subjects who reported of having mixed
ancestry within three generations were excluded from this
study. The study was approved by the Universiti Sains
Malaysia Human Ethics Committee.
Sample collection
After obtaining written consent from the subjects, they
were interviewed to obtain their personal information, including gender, age, ethnicity, and health status. Subject’s
body height was measured using a portable stadiometer
(Seca 213, Seca Corporation, USA). Meanwhile, subject’s
body weight, body mass index, and body fat, were measured using an Omron KARADA Scan Body Composition
& Scale (HBF-362, Omron Corporation, Japan). DNA
samples were obtained through buccal swab using a sterile
swab applicator (Classic Swabs by Copan Flock Technologies, Italy). The swabs were placed in sterile 1.5-ml
microcentrifuge tubes and stored at -20 °C until used for
DNA isolation.
Physical tests
Subsequent to DNA sampling, two physical tests were administered to participants in the athlete group (Yo–Yo intermittent recovery level 2 and leg strength tests) to
determine their endurance and strength/power performance.
The reliability of Yo–Yo intermittent recovery level 2 test
was validated via maximal test-modified Bruce protocol test.
Meanwhile, the isometric leg strength test was validated via
one-repetition maximum (1-RM) leg extension test.
Yo–Yo intermittent recovery level 2 test
In this test, the athletes started out shuttling from one end of
the marked course to the other at a relatively slow pace and
then quickly ramped up their speed according to the pace set
by the recorded beeps. In each bout of intense running, they
performed 10 s of active recovery and then returned to the
start/finish line to await the cue for the next stage. A warning
was given when they did not complete a successful out and
back shuttle within the allocated time. The last speed level
and number of shuttles reached before they received a second
warning or voluntarily withdrew from the test was recorded
as the score for the test. The endurance capacity of the athlete
was computed by converting the score to the total distance
covered using standard norm for Yo–Yo intermittent recovery level 2 test [37].
Leg strength test
Isometric leg strength was measured using a back-leg-chest
dynamometer (Takei A5402, Takei Scientific Instruments
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Co. Ltd., Japan). The dynamometer was calibrated according to manufacturer’s instruction. Prior to starting test,
the dial on the dynamometer was reset to zero. The athletes
stood upright with both feet on the base of the dynamometer. The chain length was adjusted until the athlete’s knees bent around 110°. In this position, the athletes
pulled the handle bar as hard as possible for 5 s, and the
maximum reading indicated on the dynamometer was
recorded as the score for isometric leg strength. Each
athlete performed the test three times with a pause of about
10–20 s between each trial and the average score was used
for data analysis.
Genotype determination
Genomic DNA was isolated from the swab samples using the
GeneAllRExgeneTM Cell SV kit following the manufacturer’s protocol (GeneAll Biotechnology Co. Ltd, Korea).
Polymerase chain reaction (PCR) was carried out in a final
volume of 25 ll consisting of 2.5 ll of 10X standard reaction
buffer (GeneAll Biotechnology) (25 mM Mg2?, 50 mM
Tris–HCl, 50 mM KCl, 0.1 mM EDTA, 1 mM DTT,
0.5 mM PMSF, 50 % glycerol), 2.0 ll of dNTP mix
(200 lM each dNTP (dATP, dCTP, dGTP, dDTP)), 0.8 lM
of each primer (forward primer: 50 -CTGGAGACCACTC
CCATCCTTTCT-30 : reverse primer: 50 -CTGGAGACCA
CTCCCATCCTTTCT-30 ), 0.5 units of Taq DNA polymerase, 2.5 ll of dimethylsulfoxide, 10.8 ll of sterilize
distilled water, and 5 ll of genomic DNA. The target fragment bearing the ACE I/D polymorphism was amplified
under the following conditions; 7 min at 95 °C followed by
25 cycles of 30 s at 95 °C, 30 s at 62 °C, and 1 min at 72 °C,
with a final step of 7 min at 72 °C. The amplified products
were electrophoresed on a 1.5 % agarose gel that was prestained with ethidium bromide at 70 volts for 1 h. The
presence of 490 and 190 base pair bands indicated the ACE
insertion (I) and deletion (D) alleles, respectively.
Statistical analysis
The descriptive data are presented as mean ± standard
deviation (SD). ACE I/D allele frequency was determined
Table 1 Physical
characteristics of the study
participant

by direct counting. A Chi-square (v2) test was used to
confirm that the observed ACE I/D genotype frequency was
in Hardy–Weinberg equilibrium for the athlete and controls
groups. The v2 test was also used to examine the difference
in the ACE I/D allele and genotype frequencies between the
whole cohort of athletes and controls as well as between
different groups of athletes and controls. The mean of total
distance covered during the Yo–Yo intermittent recovery
level 2 test and leg strength scores were compared between
the ACE genotype groups by one-way analysis of variance
(ANOVA) and followed by Bonferroni post hoc test when
appropriate. All statistical evaluations were performed using the IBM SPSS statistical version 20.0, United States,
with the level of significance set at p \ 0.05.

Results
Physical characteristics of subjects
Table 1 shows the descriptive statistics for the subjects’
physical characteristics. Athletes and controls were similar
in age and resting heart rate (p [ 0.05). Nevertheless, there
were significant differences in other variables between the
groups, with controls having lower mean values for body
height, body weight, and body mass index compared to
athletes (p \ 0.05). Conversely, the mean value of body fat
was higher in controls than in athletes.
Yo–Yo intermittent recovery level 2 performance differed significantly among athletes from the three different
sporting disciplines. The endurance athletes had higher
performance scores than the strength/power and intermittent athletes, whereas no significant difference was observed for the leg strength value among the sporting groups
(Table 2).
Prevalence of ACE I/D gene polymorphism
There was a significant difference in allele (v2 = 18.776,
df = 1, p \ 0.05) and genotype (v2 = 44.070, df = 2,
p = 0.000) frequencies for ACE I/D gene polymorphism
between athletes and controls. We observed a higher

Athletes (n = 180)

Controls (n = 180)

p value

Age (years)

20 ± 2

20 ± 2

0.309

Height (cm)

169 ± 9

161 ± 9

0.000*
0.000*

Body weight (kg)

67.1 ± 13.7

56.3 ± 12.4

Body mass index (kg/m2)

23.4 ± 4.0

21.8 ± 3.8

0.000*

Body fat (%)

18.7 ± 6.4

21.9 ± 7.8

0.000*

Variables are expressed as mean ± SD
* Significantly different compared to controls (p \ 0.05)
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Table 2 Yo–Yo intermittent recovery level 2 performance and leg strength value in athletes from different sporting disciplines
Endurance (n = 34)

Strength/power (n = 41)

Intermittent (n = 105)

p value

Yo–Yo intermittent recovery level 2 performance (m)

429.4 ± 203.8

320.8 ± 197.5

292.2 ± 303.9*

0.035

Leg strength (kg)

105.5 ± 28.2

108.9 ± 41.2

112.3 ± 33.5

0.663

Variables are expressed as mean ± SD
* Significantly different compared to the endurance athletes (p = 0.029)

Fig. 1 Allele and genotype
frequencies of ACE I/D gene
polymorphism among the
endurance, strength/power,
intermittent, and controls groups

Endurance (n=34)

Strength/ power (n=41)

Intermittent (n=105)

Controls (n=180)

0.90
0.81
0.80
0.70

Frequency

0.60

0.47
0.35

0.30

0.10

0.44

0.42

0.39

0.38
0.31

0.20

0.58

0.56

0.54

0.50
0.40

0.66

0.66

0.29

0.34
0.27
0.19
0.15

0.14
0.05

0.00
II
Genotype

frequency of the I allele in the control group (0.58) compared to the athlete group (0.35). Conversely, the frequency
of the D allele was higher in athletes (0.65) than in controls
(0.42). A similar observation was noted in the ACE I/D
genotype distribution, as the II and ID genotypes were
more prevalent in the controls (II = 0.31; ID = 0.54)
compared to the athletes (II = 0.17; ID = 0.36), whereas
the DD genotype was more common in athletes (0.47)
compared to controls (0.15). The ACE I/D genotype distribution was in Hardy–Weinberg equilibrium (Athletes:
v2 = 0.8037, df = 1, p = 0.3699; Controls: v2 = 2.4175,
df = 1, p = 0.1199).
Considering the opposing effects of the I and D alleles on particular sporting disciplines, we separated the
athletes into three groups according to their sport disciplines: endurance, strength/power, and intermittent. We
compared the ACE I/D allele and genotype frequencies
among the three athlete groups and the controls. The
ACE I/D allele (v2 = 28.71, df = 3, p \ 0.0001) and
genotype (v2 = 63.4, df = 6, p \ 0.0001) frequencies
differed significantly across the four groups. The endurance and strength/power groups displayed the highest
prevalence of the II and DD genotypes, respectively
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I
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(Fig. 1). The prevalence of the I allele was higher in the
control group, and the D allele frequency was overrepresented in the strength/power group compared to other
groups.
Association of ACE I/D gene polymorphism
with Yo–Yo intermittent recovery level 2
performance
The Yo–Yo intermittent recovery level 2 performance was
used to predict endurance performance of athletes. The
performance of Yo–Yo intermittent recovery level 2 was
similar among athletes with different ACE I/D genotype
(p = 0.828).
Association of ACEI/D gene polymorphism with leg
strength value
In agreement with our hypothesis that the D allele was
associated with superior strength/power performance,
Fig. 2 shows the significant association of leg strength
performance with the ACE I/D gene polymorphism
(p = 0.047) with the leg strength value higher in the DD
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Fig. 2 Leg strength values in athletes with different ACE I/D
genotypes. Data shown as mean ± SD. *II \ DD, p = 0.047

genotype group (113.8 ± 36.2) compared with the II
(96.2 ± 28.0) and the ID (112.2 ± 33.5) genotype groups.

Discussion
This study was designed to determine if the association
between ACE I/D gene polymorphism and athletic performance reported in the Caucasian population is present in
the Asian population. To the best of our knowledge, this is
the first study to evaluate the association of ACE I/D gene
polymorphism with athletic performance in Malaysia. This
study revealed that the ACE I/D gene polymorphism is
associated with Malaysian athletic performance as reported
for the Caucasian population. The I allele and II genotype
were more frequent in the endurance group compared to
the strength/power and intermittent groups. Consistent with
previous reports for other Asian [13, 38] and Caucasian [8,
14, 15, 39–41] populations, this finding suggests that the
presence of the I allele might confer an advantage for endurance-based activities among athletes.
Our data also revealed a greater proportion of the D
allele among strength/power athletes compared with the
other athlete groups. This observation is notably similar to
that previously reported in other Asian [42] and Caucasian
[14–16, 43] samples. Moreover, we found that the D allele
was significantly related to greater muscular strength, as
athletes with the DD genotype exhibited greater leg
strength than those with the II and the ID genotypes. Our
results are in line with previous studies that found a relationship between the D allele and other muscular strength
parameters such as hand grip strength [43], isometric and
isokinetic quadriceps muscle strength [44], and knee

extensor strength [45]. Taken together, all of these positive
findings indicate that the D allele might have an advantageous effect on short duration and high intensity activities,
as previously suggested [14, 28].
While this study demonstrated the occurrence of D allele
among the whole cohort of athletes compared to controls,
we found that the I allele and II genotype were more
prevalent among controls. In contrast to previous studies
reporting an excess of the I allele and II genotype in athletes compared with controls [7, 13, 46], we speculate that
our cohort of athletes including athletes from different
sports disciplines which is characterized with the small
number of participants from endurance-oriented sports
disciplines may have contributed to the failure to detect a
positive association between ACE I/D variation and athletic performance. Other studies that assessed the association of ACE I/D gene variation with athletic
performance in a cohort of mixed athletes [18, 47–49] reported similar findings. Given that ACE I/D gene variation
might only relate to a single sporting discipline rather than
to overall human performance as suggested by Nazarov
et al. [18], a positive association between ACE I/D gene
polymorphism and athletic performance might be detected
in a homogenous range of sports disciplines.
However, interpreting our data is complicated, as no
significant difference in the performance of Yo–Yo intermittent recovery level 2 was observed between the three
ACE I/D genotype groups, and this parameter was used as
the marker for evaluating endurance performance in athletes. Thus, we failed to replicate the finding from previous
studies [1, 21] that individuals with the II genotype have
better endurance performance compared to those with other
ACE genotypes. We propose that this conflicting result
may reflect the heterogeneity of the cohort of athletes in
our study and the small number of participants from endurance-oriented sports disciplines.
The level of ANG II appears to be the most likely
mechanism relating the I and D alleles with improvement
in endurance and strength/power performance, respectively. The lower production of ANG II that results from ACE
inhibition coded by the I allele results in less vasoconstriction, which in turn leads to increased delivery of
oxygenated blood to the working muscles [50]. In contrast,
the greater production of ANG II in D allele carriers likely
assists with muscle contraction for maximal power [51].
Because our study was observational, future experimental
studies are needed to elucidate the biological mechanism
responsible for the association between ACE I/D gene
polymorphism and improved athletic performance. In addition, further studies using a large cohort of the homogenous Asian population are needed to address the
possible influence of genetic factors on athletic performance and to bridge the gap in the literature.
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Conclusion
The results of this study support the notion that ACE I/D
gene polymorphism is relevant to an athlete’s status and
physical performance. These preliminary data illustrate the
importance of understanding the genetic makeup of
Malaysian athletes and the relationship between genetics
and performance.
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González A (2003) The ACE/DD genotype is associated with the
extent of exercise-induced left ventricular growth in endurance
athletes. J Am Coll Cardiol 42(3):527–532
24. Charbonneau D (2007) Association between ACE genotype and
skeletal muscle strength and volume, and their response to
strength training in older adults. University of Maryland

Sport Sci Health (2015) 11:187–193
25. Yamin C, Amir O, Sagiv M, Attias E, Meckel Y, Eynon N, Amir
RE (2007) ACE ID genotype affects blood creatine kinase response to eccentric exercise. J Appl Physiol (1985)
103(6):2057–2061. doi:10.1152/japplphysiol.00867.2007
26. Ng P (2009) Angiotensin converting enzyme and vascular endothelial growth factor responses to exercise training in claudicants: the role of ace inhibition. Royal Free and University
College Hospital Medical School
27. Brewster UC, Perazella MA (2004) The renin-angiotensin-aldosterone system and the kidney: effects on kidney disease. Am J
Med 116(4):263–272. doi:10.1016/j.amjmed.2003.09.034
28. Folland J, Leach B, Little T, Hawker K, Myerson S, Montgomery
H, Jones D (2000) Angiotensin-converting enzyme genotype affects the response of human skeletal muscle to functional overload. Exp Physiol 85(5):575–579
29. Jayapalan JJ, Muniandy S, Chan SP (2008) Angiotensin-1 converting enzyme I/D gene polymorphism: scenario in Malaysia.
Southeast Asian J Trop Med Public Health 39(5):917–921
30. Melton T, Peterson R, Redd AJ, Saha N, Sofro ASM, Martinson
J, Stoneking M (1995) Polynesian genetic affinities with Southeast Asian populations as identified by mtDNA analysis. Am J
Hum Genet 57:403–414
31. Movva S, Alluri RV, Komandur S, Vattam K, Eppa K, Mukkavali
KK, Mubigonda S, Saharia S, Shastry JC, Hasan Q (2007) Relationship of angiotensin-converting enzyme gene polymorphism
with nephropathy associated with Type 2 diabetes mellitus in
Asian Indians. J Diabetes Complicat 21(4):237–241. doi:10.1016/
j.jdiacomp.2006.07.001
32. Nitiyanant W, Sriussadaporn S, Ploybutr S, Watanakejorn P,
Tunlakit M, Bejrachandra S (1997) Angiotensin converting enzyme gene polymorphism in healthy Thais and patients with noninsulin dependent diabetes mellitus. J Med Assoc Thai
80(12):747–752
33. Sprovieri SR, Sens YA (2005) Polymorphisms of the renin-angiotensin system genes in Brazilian patients with lupus
nephropathy. Lupus 14(5):356–362
34. Salem AH (2008) Distribution of angiotensin converting enzyme
insertion/deletion gene polymorphism among two Arab populations. Suez Canal Univ Med J 11(1):125–130
35. Pereira AC, Mota GA, Bensenor I, Lotufo PA, Krieger JE (2001)
Effect of race, genetic population structure, and genetic models in
two-locus association studies: clustering of functional renin-angiotensin system gene variants in hypertension association studies. Braz J Med Biol Res 34(11):1421–1428
36. Batzer MA, Arcot SS, Phinney JW, Alegria-Hartman M, Kass
DH, Milligan SM, Kimpton C, Gill P, Hochmeister M, Ioannou
PA, Herrera RJ, Boudreau DA, Scheer WD, Keats BJ, Deininger
PL, Stoneking M (1996) Genetic variation of recent Alu insertions in human populations. J Mol Evol 42(1):22–29
37. Bangsbo J, Iaia FM, Krustrup P (2008) The Yo-Yo intermittent
recovery test: a useful tool for evaluation of physical performance
in intermittent sports. Sports Med 38(1):37–51
38. Min S-K, Takahashi K, Ishigami H, Hiranuma K, Mizuno M,
Ishii T, Kim C-S, Nakazato K (2009) Is there a gender difference
between ACE gene and race distance? Appl Physiol Nutr Metab
34(5):926–932. doi:10.1139/h09-097

193
39. Ahmetov II, Williams AG, Popov DV, Lyubaeva EV, Hakimullina AM, Fedotovskaya ON, Mozhayskaya IA, Vinogradova OL,
Astratenkova IV, Montgomery HE, Rogozkin VA (2009) The
combined impact of metabolic gene polymorphisms on elite endurance athlete status and related phenotypes. Hum Genet
126(6):751–761
40. Mayne IPM, K. (2006) Examination of the ACE and ACTN3
genes in UTC varsity athletes and sedentary students., The
University of Tennessee at Chattanooga
41. Collins M, Xenophontos SL, Cariolou MA, Mokone GG, Hudson
DE, Anastasiades L, Noakes TD (2004) The ACE gene and endurance performance during the South African Ironman Triathlons. Med Sci Sports Exerc 36(8):1314–1320
42. Kikuchi N, Min SK, Ueda D, Igawa S, Nakazato K (2012) Higher
frequency of the ACTN3 R allele ? ACE DD genotype in Japanese elite wrestlers. J Strength Cond Res 26(12):3275–3280
43. Costa AM, Breitenfeld L, Silva AJ, Pereira A, Izquierdo M,
Marques MC (2012) Genetic inheritance effects on endurance
and muscle strength: an update. Sports Med 42(6):449–458.
doi:10.2165/11650560-000000000-00000
44. Williams AG, Day SH, Folland JP, Gohlke P, Dhamrait S,
Montgomery HE (2005) Circulating angiotensin converting enzyme activity is correlated with muscle strength. Med Sci Sports
Exerc 37(6):944–948
45. Giaccaglia V, Nicklas B, Kritchevsky S, Mychalecky J, Messier
S, Bleecker E, Pahor M (2008) Interaction between angiotensin
converting enzyme insertion/deletion genotype and exercise
training on knee extensor strength in older individuals. Int J
Sports Med 29(1):40–44
46. Gineviciene V, Pranculis A, Jakaitiene A, Milasius K, Kucinskas
V (2011) Genetic variation of the human ACE and ACTN3 genes
and their association with functional muscle properties in
Lithuanian elite athletes. Medicina (Kaunas) 47(5):284–290 (pii:
1105-06e)
47. Taylor RR, Mamotte CD, Fallon K, van Bockxmeer FM (1999)
Elite athletes and the gene for angiotensin-converting enzyme.
J Appl Physiol (1985) 87(3):1035–1037
48. Karjalainen J, Kujala UM, Stolt A, Mantysaari M, Viitasalo M,
Kainulainen K, Kontula K (1999) Angiotensinogen gene M235T
polymorphism predicts left ventricular hypertrophy in endurance
athletes. J Am Coll Cardiol 34(2):494–499 (pii: S07351097(99)00199-0)
49. Rankinen T, Wolfarth B, Simoneau JA, Maier-Lenz D, Rauramaa
R, Rivera MA, Boulay MR, Chagnon YC, Perusse L, Keul J,
Bouchard C (2000) No association between the angiotensinconverting enzyme ID polymorphism and elite endurance athlete
status. J Appl Physiol (1985) 88(5):1571–1575
50. Sonna LA, Sharp MA, Knapik JJ, Cullivan M, Angel KC, Patton
JF, Lilly CM (2001) Angiotensin-converting enzyme genotype
and physical performance during US Army basic training. J Appl
Physiol (1985) 91(3):1355–1363
51. Rattigan S, Dora K, Tong A, Clark M (1996) Perfused skeletal
muscle contraction and metabolism improved by angiotensin II
mediated vasoconstriction. Am J Physiol 271:96–103

123

