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Decline in muscle mass due to aging is a growing public health problem as it contributes to a decreased 

capacity for independent living among elderly people. A clear understanding of genetic factors is 

important, as it is known that angiotensin-converting enzyme insertion/deletion (ACE I/D) polymorphism 

affects muscle mass, although the findings are frequently heterogeneous. This study was conducted to 

determine the association between ACE I/D polymorphism and muscle mass in elderly people. A total of 

130 elderly people were recruited from nursing homes in Jakarta. Anthropometric components affecting 

the muscle mass were examined. Cross-sectional analyses were performed to compare data using t-test, 

ANOVA and ANCOVA, and linear regression. Genotyping of the ACE I/D polymorphisms was 

performed by PCR methods, and muscle mass was evaluated by BIA. Genotype distribution counts II 

65.38%, ID 13.85%, and DD 20.77% were not consistent with the Hardy–Weinberg equilibrium (χ2 = 22.2, 

df = 2; p < 0.01). Individuals with the DD genotype showed lower muscle mass that was significantly 

different compared to the muscle mass in individuals with the II/ID genotype (II 16.14 ± 0.38, ID 15.71 ± 

0.59; DD 13.95 ± 0.61 kg), after adjusting for % fat as a covariate. The linear regression analysis showed 

that age, gender, weight, height, nutritional status, protein content, and waist, hip, and calf circumference 

were significant contributors to muscle mass. In the multivariate analysis, adjusted age and gender 

significantly correlated with muscle mass, with r2 = 0.98, by the likelihood ratio test (p < 0.01). The 

genotype variability accounted for 2.65% of the DD genotype.  This study showed that in an elderly 

population in Jakarta, the DD genotype was associated with low muscle mass. This result suggests the role 

of nutritional status as a potential mediator in the association between ACE gene and muscle mass. 

 

INTRODUCTION 

Muscle mass of elderly people is very important to their activities of daily living and vital prognosis for some 

disease like diabetes mellitus, dyslipidemia, etc.  The decline in muscle mass due to aging is one of the 

contributors to sarcopenia and results in a decrease in the capacity for independent living and an increase in the 

risk of falls and death among the elderly people, thereby leading to important socioeconomic consequences (1). 

Several factors have been reported to contribute to the decrease in muscle mass during the aging process in the 

elderly people, including genetic factors such as the angiotensin-converting enzyme (ACE) gene (2,3). 

ACE is a key enzyme in the renin–angiotensin system (RAS), which converts angiotensin I (Ang I) into 

angiotensin II (Ang II) (4,5). Angiotensin II appears to influence the decline in muscle mass among the elderly 

people through a number of mechanisms that increase protein breakdown; reduce protein synthesis, regenerative 

processes, and insulin resistance in the skeletal muscle; and also decrease the appetite (5,6). 

Polymorphism of the human ACE gene has been identified to be related to either the presence (insertion, I 

allele) or the absence (deletion, D allele) of a 287-bp segment in intron 16. Homozygosity for the D allele of 

ACE I/D polymorphism has been suggested as a marker for higher ACE activity and Ang II concentration 

(3-5,7). The homozygous deletion (DD) of the ACE I/D polymorphism has been identified to be associated with 

lower muscle mass (8). However, the results are still conflicting (7,9,10), involving heterogeneous factors, 

including ethnic differences, subject characteristics, and a complex interaction between genetics and nutritional 

status (1,2,3). 
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Several studies on the relationship between polymorphism of ACE gene and muscle mass have been 

published in Europe and the U.S., but no study has been conducted among Indonesian elderly people living in 

subsidized nursing homes, considering the subject characteristics of lower education and socioeconomic levels. 

This study was conducted to clarify the role of the ACE I/D polymorphisms that have been identified to have 

potential influences contributing to the variations in the skeletal muscle. We also investigated the association 

between the ACE I/D polymorphism and the muscle mass of elderly people in Jakarta. In addition, we examined 

the role of nutritional status in the association between ACE I/D polymorphism gene and declining muscle mass 

in an elderly at-risk population. 

 

METHODS 

Subjects and study design 

This cross-sectional study conducted in October 2016 examined a total of 130 elderly people aged > 60 years 

living in a government nursing home in Jakarta, Indonesia. The inclusion criteria for the subjects were being 

healthy, able to perform basic activities, able to communicate well, and no history of drug consumption 

continuously that could affect muscle mass at least for 6 months  period  and willing to undergo several 

examinations of anthropometric components that are involved in the status of muscle mass. 

 

Anthropometric measurements 

Body mass index (BMI), calf circumference (CC), hip circumference (HC), and waist circumference (WC) 

were measured using standardized equipment and procedures. BMI was measured in kilograms divided by height 

in square meters. Subjects were considered as malnourished if their BMI was <18.5 kg/m2, normal when their 

BMI ranged from 18.5 to 24.9 kg/m2, overweight if their BMI was 25.029.9 kg/m2, and obese when their BMI 

was >30.0 kg/m2. Subjects with a WC of 94.0–101.9 or >102.0 cm for men and 80.0–87.9 or >88.0 cm for 

women were classified as overweight or obese, respectively. Subjects with a waist hip ratio (WHR) of >0.85 for 

women and >1.00 for men were classified as overweight (11). The total lean body mass, total fat mass, and 

protein (kg) measurements were analyzed using the Bioscan 916 body composition analyzer with an operating 

frequency of 50 kHz at 0.7 mA (Maltron, UK) (12). 

 

Genotyping 

DNA was isolated from the buffy coat obtained from peripheral blood samples of the subjects following a 

standard protocol using a Wizard Genomic DNA Purification kit (Promega). The ACE I/D gene polymorphisms 

were identified by polymerase chain reaction (PCR) assay. PCR was performed at a final reaction mixture of 25 

μl containing genomic DNA, PCR master mix (Promega), and oligonucleotide of the ACE gene with the 

following sequences: two primers were used in each PCR, F: 5-CTG GAG ACC ACT CCC ATC CTT TCT3 

and R: 5ʹ-GAT GTG GCC ACT ACA TTC GTC AGAT-3. The samples were initially denatured at 94°C for 4 

min, followed by 30 cycles of 94°C for 1 min, 58°C for 1 min, and 72°C for 1 min. A final extension for 7 min at 

72°C completed the PCR (Bio-Rad, Thermal Cycler C1000). The PCR products of the two alleles of 490 and 

190 bp were separated on 1.5% agarose gel and visualized by ethidium bromide staining (13). 

The study was approved by the Medical and Health Research Ethics Committee (MHREC) Faculty of 

Medicine Universitas Gadjah Mada (Ref: KE/FK/599/EC/2016). 

 

Statistical analysis 

Statistical analyses were performed using Stata (Ver. 12.0). The ACE genotype distribution was evaluated 

for conformity with the Hardy–Weinberg (HW) equilibrium using the test with one degree of freedom. 

Differences in nutritional status and anthropometric components among subjects with II vs ID vs DD genotypes 

were analyzed using analysis of variance (ANOVA), while those among subjects with II vs ID/DD genotypes 

were analyzed using unpaired t-tests. Muscle mass was compared among the genotype groups using analysis of 

covariance (ANCOVA) models adjusted by fat as a covariate. Robust linear regression was analyzed for 

assessing the contribution of anthropometric components and elderly people’s characteristics to muscle mass. 

Multiple linear regression, including likelihood ratio (LR) tests, Akaike information criterion (AIC), Bayesian 

information criterion (BIC), and effect size among model 1 and model 2, were analyzed to estimate the degree of 

variance in the ACE genotype attributable to muscle mass. Values were expressed as mean ± SD; p < 0.05 was 

considered to be statistically significant. Effect sizes (ES) were reported as Cohen’s d based on pooled standard 

deviations that provide partial eta squared values of 0.0099, 0.0588, and 0.1379 as references for small, medium, 

and large effect sizes, respectively (14). The genetic advance as a percentage of mean was calculated using the 

Falconer (1989) formula (15). 
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RESULTS 

All the 130 elderly people (52 males and 78 females) were recruited from four nursing homes located at 

North, South, East, and West Jakarta, Indonesia. The mean age of the subjects was 69.25 ± 9.82 years, and 

67.07% of them had an education level of < 6 years 

Genotyping of the ACE I/D polymorphisms performed by the PCR method detected the presence of a PCR 

DNA product band of 490 bp for genotype II and/or 190 bp for the DD genotype and bands of 490 and 190 bp 

for the ID genotype (Figure 1). Sequences with the largest frequency among the II, DD, and ID genotypes 

comprised 78 (66.1%), 23 (19.49%), and 17 (14.41%), respectively (Table I). Genotype frequencies for the ACE 

I/D gene distributions among the subject population were not consistent with the HW equilibrium (χ2 = 22.2, df 

= 2, p = 0.00). A deviation of the ACE genotypes from the HW equilibrium observed in this population may 

potentially hamper the generalizability of the results.  

 

 

 

 

 

 

 

 

 

 

 

 
Figure 1. The ACE I/D genotype, number 171 ID genotype 2 band, number 155 II genotype 1 band, and number 18 DD 

genotype 1 band. 

 

 

The results showed that the ACE I/D genotypes were significant differences to muscle mass level with the 

DD genotype was lower (Table I). We found protein as predictors and confounding factor to muscle mass, but 

fat was considered as covariate, whereas other anthropometric components like weight, height, protein content, 

CC, and HC had no significant differences. 

 
Table I. Characteristics of the subjects according to the ACE genotype 

Variable 

II ID DD ID & DD p value p value 

X 
+SD/ 

SEM 

X 
+SD/ 

SEM 

X 
+SD/ 

SEM 

X 
+SD/ 

SEM 

IIvsIDvsD

D 

ID/DD 

vsII 

Muscle (kg)** 16.1 
3.36/ 

0.38* 
15.71 

2.43/ 

0.58* 
13.95 

2.93 

0.61* 
14.7 

2.83/ 

0.45* 
0.02 0.02 

Weight (cm) 51.4 10.44 49.46 7.1 47.37 6.64 48.26 6.83 0.18 0.09 

Height (cm) 151 8.78 150.47 6.88 149.3 9 9.07 149.85 8.13 0.76 0.53 

CC (cm) 31.6 4.29 30.15 2.67 30.67 2.56 30.45 2.58 0.27 0.12 

HC (cm) 81.4 11.15 80.76 11.36 79.28 10.57 79.91 10.79 0.73 0.5 

Fat (kg) 13.4 7.57 12.13 5.07 12.64 6.76 12.43 6.03 0.75 0.47 

Protein (kg) 7.3 1.51 7.15 1.03 6.34 1.26 6.68 1.22 0.02 0.03 

WHR 0.9 0.07 0.89 0.09 0.89 0.07 0.89 0.07 0.94 0.73 

*standard error of the mean (SEM),  ** Adjusted for fat by ANCOVA 

 

Therefore, we statistically adjusted muscle mass with fat as a covariate, and this analysis revealed that the 

muscle mass of the subjects with the DD genotype was significantly lower than the muscle mass of the subjects 

with the II and DD genotypes (p < 0.05). 

Linear regression and multiple regression analyses were conducted to determine the ACE I/D polymorphisms 

that contributed to muscle mass in the elderly subjects (Table II). Linear regression analyses showed that older 

age, female gender, DD genotype, and overweight (BMI) significantly contributed to a decrease in muscle mass 

(coef = −5.21, −3.53, −2.18, and −1.92, respectively), whereas protein content, CC, HC, weight, height, and hip 

498 

bpo 

bp 
190 bp 
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circumference significantly contributed to an increase in muscle mass in the elderly subjects (coef = +2.24, 

+0.43, +0.25, +0.22, and +0.10, respectively). 

Further tests using multiple regression analysis determined the direction and magnitude of the contribution of 

the ACE I/D polymorphisms to muscle mass, showing that in model I (adjusted for age and gender, older age, 

and female gender), the DD genotype had a significant contribution to the decline in muscle mass (coef = −3.76, 

−2.70, −1.85, respectively). In model II (anthropometric components + model I adjusted), it was observed that 

the DD genotype had no significant contribution to the decline in muscle mass; however, only older age, female 

gender, and protein content had a significant contribution to the increase in muscle mass (coef = −1.03, +0.2, and 

+2.15, respectively). Table II shows the association between muscle mass and ACE polymorphism, adjusted by 

gender, age, and anthropometric components. The linear and multiple regression analyses showed that the ACE 

polymorphisms contributed to muscle mass after adjusting for anthropometric components. These models 

resulted in r2 values (0.36; 0.98), which implies that models I and II could predict the muscle mass by 36% and 

98%, respectively. 

 
Table II. Linear and multiple regression analyses of ACE polymorphisms 

 

Models I and II were shown to significantly contribute to muscle mass after adjusting for anthropometric 

components determined by the LR test (p < 0.05). The AIC and BIC values showed that model II was a good 

model to predict muscle mass compared with model I. The effect sizes of the ACE I/D genotypes II vs ID vs DD 

are summarized in detail in Table II.  The effect sizes of ACE II vs ID vs DD genotypes in the linear regression 

and models I and II were small (partial eta squared values <0.09). Percentage coefficient variation of genotype 

ACE II was counted lower than the ID/DD genotypes and the variability attributable to the ACE was up to 

3.46% of the muscle mass variance elderly in Jakarta.   

 

DISCUSSION 

In this study, we examined the hypothesis that the ACE I/D polymorphism may contribute to muscle mass in 

elderly people and that it was partially supported by the association with anthropometric components. We 

Muscle mass Linier regression (Coef.) Multple regression (coef.) 

Model I Model II 

Genotypes ACE: II-reff 

ID 

DD 

- 

-0.42 

-2.18* 

- 

0.003 

-1.85* 

- 

-0.14 

-0.57 

Gender: man-reff 

Woman 

- 

-3.53* 

- 

-2.70* 

- 

0.20* 

Age: <60 year-reff 

60-69 year 

70-79 year 

>80  

- 

-1.61 

-3.64* 

-5.20* 

- 

-0.83 

-2.07* 

-3.76* 

- 

-0.31* 

-0.67* 

-1.03* 

Nutritional status: normal-reff 

      Overweight 

      Obesity 

- 

-1.59* 

1.40 

 

- 

-0.03 

0.05 

WHR: normal-reff 

Moderate risk 

High risk 

- 

1.92* 

0.65  

- 

-0.06 

-0.03 

Protein 2.24*  2.15* 

Weight 0.25*  0.02 

Height 0.22*  0.01 

Calf circumference 0.43*  -0.02 

Hip circumference 0.10*  -.0.01 

  0.36 0.98 

LR test  (p-value)  - 0.00 

AIC  573.69 147.02 

BIC  593.09 190.23 

Effect size 0.06 0.07 0.012 

Variability attributable to genotype 

effect 

Gen ACE II=0.49%, ID=  3.46%, DD= 2.65%,    ID/DD= 1.12%, 

I/D= 0.25% 
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analyzed the relationship between ACE I/D polymorphisms and muscle mass in elderly people with different 

races and educational and socioeconomic levels, which has not been previously investigated in the Indonesian 

population. Our study clearly demonstrated significant associations between ACE I/D polymorphisms and 

muscle mass in elderly people from Jakarta. 

The primary result of our study showed that the DD genotype was significantly associated with low muscle 

mass. The correlation of DD genotype with the declining muscle mass may be consistent with the hypothesis 

regarding the correlation of DD genotype with higher Ang II levels in muscle atrophy (4-7). The mechanisms 

whereby Ang II induces muscle atrophy are complex. Several studies in mice have explained that angiotensin II 

functions as an atrophic factor to skeletal muscle by decreasing capillary perfusion, oxygen utilization, protein 

synthesis, and regenerative processes and enhancing apoptosis, protein breakdown, especially in fast-twitch 

muscle fiber, and insulin resistance. Studies have shown that Ang II was associated with weight loss, 

anorexigenic effects on the central nervous system (7,16-19). Another study showed that Ang II levels locally in 

the adipose tissue cause further adipose tissue growth associated with adipocyte hypertrophy and an increase in 

lipogenesis and triglyceride accumulation, thus affecting the volume of intermuscular adipose tissue (IMAT) in 

the muscular system (20). Based on previous studies, our results suggest that individuals with the DD genotype 

have lower muscle mass, which is further supported by studies showing that individuals with the ID/DD 

genotype have lower muscle mass than those with the II genotype (10) and individuals with the II genotype who 

have lower ACE activity have better blood flow and oxygen utilization than those with the DD genotype 

(4,8,21,22).  Another study reported the use of an inhibitor of ACE in elderly who exhibited a larger of lower 

extremity muscle mass (23) while administering ACE inhibitor in mice indicated  significant loss of fat mass 

(24) and protect tissues from oxidative damage by increasing antioxidant activity at various systems (25,26).  

Nevertheless, some studies have also demonstrated an association between the DD genotype and skeletal muscle 

hypertrophy and higher values of muscle mass (7,9,27), whereas other studies found no such association (10). 

Other results support our primary findings that individuals with the DD genotype had significantly lower 

total protein content in the body than that in individuals with the ID/II genotype. Protein is the largest component 

of muscle mass. Low protein levels in individuals with the DD genotype in addition to those associated with 

increased Ang II protein breakdown and reduced protein synthesis (7,17,18) are also influenced by the nature of 

Ang II, which might play a pathogenetic role in the development of proteinuria-induced renal structural damage 

as shown in the studies of Bos and Tang (4,28,29). Another related study showed a correlation between 

proteinuria and plasma ACE levels (30). 

In this study, we also found that age, gender, and nutritional status (weight, height, BMI, WHR, CC, HC, and 

protein) were important factors for muscle mass in the elderly subjects. This result is also consistent with that of 

other studies showing a relationship between muscle mass and age (31), gender (32), and anthropometric 

components (20,32,33). This study also showed that a possible interaction exists between ACE I/D 

polymorphisms and risk factors for muscle mass (age, gender, and protein level). This finding suggests the 

presence of an interaction between genes and environmental factors affecting muscle mass variability (2,3). 

As we know, it was the first study that investigated the role of ACE I/D polymorphisms in an elderly 

population in South East Asian population, concerning muscle mass and this results may have possibility of 

development of the sarcopenia treatment. Some limitations exist in this study. Notably, angiotensin II levels 

were not examined, only elderly retirement homes were considered, and the distributions of the ACE genotypes 

were not in agreement with the HW equilibrium. Further research could be improved by examining angiotensin 

II levels using a significantly larger sample of elderly people in other areas of Indonesia to better clarify and 

confirm the results. 

In conclusion, the ACE gene polymorphisms were found to be associated with muscle mass and protein 

levels in an elderly population living in nursing homes in Jakarta, Indonesia, with nutritional status being 

identified as a potential mediator in the association between ACE I/D polymorphisms and muscle mass. This 

study may provide additional evidence for the role of DD genotype in the declining muscle mass, which is of 

significant clinical importance. ACE polymorphism is an important consideration for future studies aiming to 

determine how muscle mass can be preserved in older people. 
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