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ABSTRACT 
 
Introduction: The 2008 National Nutrition Survey of the Food and Nutrition 
Research Institute showed that the prevalence of hypertension (25%), high blood 
sugar (5%), and abnormal cholesterol levels (10%) increased from 2003 among 
Filipino adults. Nowadays, analyses of known lifestyle-related genes can help in 
determining the susceptibility and predisposition of individuals to a particular 
metabolic condition. Furthermore, identifying genes that are regulated by diet 
could result in individualized intervention and eventually strategies for 
maintaining good health. Objectives: The study aimed to extract and identify 
genes known to be associated with type 2 diabetes, hypertension, colorectal 
cancer, and osteoporosis from the Filipino population. Methods: The study 
covered the regions of Ilocos, Bicol, and Metro Manila. Informed consents for 
DNA analysis were obtained from all 995 participants aged 20 years old and 
above. Genomic DNA samples were extracted following the Dried Blood Spot 
protocol using the QIAmp® DNA Mini Kit. Then, from a subsample, Single 
Nucleotide Polymorphisms (SNPs) within four genes, namely: CDKN2A, 
ATP2B1, SMAD7, and ALDH7A1 (which are genes associated with type 2 
diabetes mellitus, hypertension, colorectal cancer, and osteoporosis, 
respectively) were investigated. The DNA samples were also submitted to 
Macrogen, Korea for sequencing. Results: Twenty-nine (29) out of the 31 
genomic DNA samples got amplification and correct sequence for the four genes. 
Preliminary SNPs characterization and distribution of the four genes among 
Filipinos showed consistent results with Genome-Wide Association Studies 
(GWAS) of other population groups. In addition, a novel “A” allele within SMAD7 
was found present, with a frequency of 17%. Conclusion/Recommendation: 
SNPs within CDKN2A, ATP2B1, SMAD7, and ALDH7A1 were found present in 
the Filipino population. These preliminary results may guide future studies that 
are inclined to a more “targeted” or “individualized” nutrition and health for 
Filipinos. 
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INTRODUCTION 
 
Lifestyle diseases, or non-communicable diseases (NCDs), are those metabolic 
conditions usually attributed to dramatic shifts in the way humans live their lives 
due to advancements in society or its scientific progress (e.g. economic 
transition, rapid urbanization, and the 21st century life). Refering to the four 
broad categories of cardiovascular diseases, cancer, chronic respiratory 
diseases, and type 2 diabetes, NCDs are mainly due to tobacco use, unhealthy 
diet, insufficient physical activity, and harmful use of alcohol. In 2008, 6 M out of 
the total 57 M deaths worldwide were due to NCDs and this number is projected 
to rise, especially among low-and middle-income regions. In fact, it is perceived 
that by 2015, at least 60% of the deaths will be attributed to NCDs.  
 
Results of the 2008 National Nutrition Survey (NNS) conducted by the Food and 
Nutrition Research Institute of the Department of Science and Technology (FNRI-
DOST) showed an increase in the prevalence of NCD risk factors among Filipino 
adults. The risk on hypertension based on a single visit blood pressure 
significantly increased between 2003 and 2008. The same increasing trend is 
seen on cholesterol level, and albeit the statistically insignificant levels of blood 
sugar obtained from the 2003 NNS, an increase in the overall prevalence of high 
blood sugar was seen among Filipinos in 2008.  
 
During the same survey, a pilot study on the genetic elucidation of NCDs among 
Filipinos was incorporated through the identification of single nucleotide 
polymorphisms (SNPs) in genes known to be associated with cancer, 
hypertension, type 2 diabetes, and osteoporosis. SNPs, which are variations 
along a gene resulting from a single nucleotide change in the genome sequence, 
may pose a major impact on how humans respond to a disease or metabolic 
condition. Thus, identification of SNPs within CDKN2A, ATP2B1, SMAD7, and 
ALDH7A1 may help in assessing the suscpetibility of an indivdiual in developing 
the aforementioned diseases. Furthermore, through Nutrigenomics, identifying 
which of these genes is/are regulated by diet may result in individualized dietary 
intervention and strategies for maintaining good health among Filipinos.  
 
This study was conducted to extract and identify known genes for type 2 diabetes 
(CDKN2A), hypertension (ATP2B1), colorectal cancer (SMAD7), and 
osteoporosis (ALDH7A1) among Filipinos. 
 



MATERIALS AND METHODS 
 
Sampling Design  
 
The 7th NNS adopted the sampling frame of the Labor Force Survey of the 
National Statistics Office (LFS-NSO). A stratified multi-stage sampling design 
was employed to cover all 17 regions and 80 provinces in the country. One of the 
NNS components, the Clinical and Health Survey component, covered 25% of 1 
out of the 4 replicates of the master samples of NSO. This study covered the 
regions of Ilocos, Bicol, and Metro Manila only. 
 
Study Population  
 
Nine hundred and ninety-five (995) male and female participants aged 20 years 
old and above from Ilocos, Bicol, and Metro Manila were recruited in the study. 
Prior to the conduct of the study, authorized informed consents were obtained. 
The study followed a cross-sectional design, wherein extracted blood samples 
from participants were selected for analyses upon meeting one of the following 
inclusion criteria: high blood pressure (SBP ≥ 130 mmHg, DBP ≥ 85 mmHg), 
impaired or elevated fasting blood sugar (110-≥ 126 mg/dL), and abnormal blood 
lipid profile (total cholesterol ≥ 200 mg/dL; LDL-c ≥ 130 mg/dL; HDL-c < 40 
mg/dL; triglyceride ≥ 150 mg/dL). 
 
DNA Extraction, Genotyping, and Sequencing 
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RESULTS 
 
From the 995 genomic DNA samples, a total of 31 samples (from anonymized 15 males and 16 
females with a mean age of 42.2 and 44.8) were analyzed for SNPs in CDKN2A, ATP2B1, 
SMAD7, and ALDH7A1. 
   
 Table 1. Profile of Participants  
  

   
Twenty-nine (29) out of the 31 samples got amplification for the four genes. Two samples, 
however, did not get any good amplification and sequences, which may be due to the quality of 
the DNA obtained. It is likely that the regions where a particular gene is located had been 
vulnerable to fragmentation. This could only be verified when shorter fragments of the genes 
would be targeted, typically about 100-150 base pairs, which include the SNPs of interest. 
 

 
           Research and Development 
 
 

Table 2. Summary of SNPs Analysis 

Legends: “F” – Forward sequence                                            “A” – Amplified but incorrect sequence  
               “NA” – No amplification                                               “R” – Reverse sequence
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CDKN2A rs10811661, according to GWAS, shows significant association with 
the development of type 2 diabetes in multiple ethnic populations, specifically in 
the improvement of beta-cell function. Among Filipinos, “C” and “T” alleles yield a 
10% and 90% frequencies. The high “T” allele frequency can be linked to an 
increased susceptibility to type 2 diabetes.  
 
ATP2B1 rs2681472, presented with “A/C/G/T” alleles in the Caucasian GWAS, 
was found to have association with hypertension. In Filipinos, all samples yielded 
a “C” and “T” alleles with frequencies of 40% and 65%, respectively. Compared 
to Caucasians, the “A” and “G” alleles are absent in Filipinos and, therefore, 
could be attributed to the inter-ethnic variations of the gene.  
 
SMAD7 rs4939827 is found to have a moderate association with colorectal 
cancer. Results showed that in Filipinos, a “C” and “T” alleles dominate, with 52% 
and 56% frequencies, respectively. Furthermore, a novel “A” allele was found 
present, with a frequency of 17%. Whether this novel allele has a strong 
association with colorectal cancer predisposition or not is worthy of further 
investigation.  
 
ALDH7A1 rs1318402, with “A/G” alleles, was found to have a slight association 
with osteoporosis (0.05%). Results obtained from Filipinos showed consistent 
results with those previously determined in the Caucasians. “A” allele has a 
frequency of 71% while “G” allele has a frequency of 35%. 
 
CONCLUSION AND RECOMMENDATION 
 
CDKN2A rs10811661, ATP2B1 rs2681472, SMAD7 rs4939827, and ALDH7A1 
rs13182402 (associated with type 2 diabetes mellitus, hypertension, colorectal 
cancer, and osteoporosis, respectively), were found present in the Filipno 
population. Furthermore, a novel “A” allele was found in SMAD7, with a 
frequency of 17%. It is recommended to investigate whether the expression of 
such genes could be modified or altered by diet or certain food groups, which 
may then lead to “individualized” dietary intervention. 


