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I. Read the following article and answer the following 5 questions.  
 
Childhood deaths are the end-result of the complex interaction between health, nutritional and 
environmental factors. In the developing world, underweight, micronutrient deficiencies (vitamin 
A, zinc, iron), and suboptimal beast-feeding lead to aggravated morbidity and higher risk of death 
from diseases such as pneumonia, diarrhea, measles, HIV/AIDS, and malaria. A contaminated 
environment (unsafe sanitation, air pollution) is also a common contributor. Other determinants, 
include access and utilization of prenatal care, immunizations, and maternal education. 

(1)Global rates of under-five child mortality (U5MR) have been declining modestly but 
consistently for the past two decades, albeit at a pace too low to meet the targets defined by the 
*Millennium Development Goals (MDG). Still, an important milestone was reached by 2010, 
when for the first time the number of under-five deaths fell below the 10 million/year mark. A 
revised methodology for mortality estimates was recently introduced by UN agencies. Using this 
new approach, the data show that between 1990 and 2010 U5MR has declined from 88 to 57 per 
1000 live birth, equivalent to a reduction from 12 million deaths in 1990 to 7.6 million in 2010. 

(2)During these 20 years, the rate of decline in mortality has slightly accelerated from the first 
decade to the second (1.9%-2.5%), but remains well below the MDG target of 4.4% per year. 
Infant mortality rate (deaths in the first 12 months of life), which accounts for almost 40% of 
U5MR, has also declined, from 32.5/1000 in 1990 to 22.8/1000 in 2010. There is a marked 
difference in mortality rates between developed and developing countries. For U5MR, the 2000 
figures are 6.8/1000 for developing countries. Similarly, there are clear disparities in mortality 
rate within the developing world. 
 Major factors driving the continuing reduction in child mortality are improved sanitation, 
expanded immunization and (3)micronutrient supplementation programs, and breast-feeding 
promotion. Maternal education and income, and social empowerment of women of reproductive 
age have also been found in favorably impact on child mortality.  
 As for micronutrient supplementation, based on the evidence from numerous field trials showing 
significant benefits from micronutrient supplementation, several countries have implemented 
regional or national supplement distribution programs. Although the supplement themselves are 
usually inexpensive, the logistics of mass distribution (transportation, coverage, etc.) are complex 
and difficult to sustain over time. Distribution programs, therefore, are considered an interim 
response to endemic deficiencies, with the ultimate goal of ensuring adequate intake through 
locally available foods, with or without fortification. (4)Nevertheless, given the complexity of 
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factors affecting food availability and intake in different populations, it is likely that micronutrient 
supplementation will continue to be a cost-effective option for the immediate future. 
 Food fortification is a powerful approach to combat micronutrient malnutrition. Although its 
implementation and sustainability is more complex than for supplement distribution, it can take 
advantage of market forces and food distribution channels, requiring little direct involvement 
from the target population. The requirements for a successful fortification program have been well 
defined. A number of countries have implemented fortification programs with varied degree of 
success. Agricultural policies can provide incentive to rotate crops and to enhance the diversity 
and yield of foods grown and available. Agricultural technology, selective crop breeding, and 
transfer of technology may aid in increasing the micronutrient content of particular food. Finally, 
sustainability will ultimately depend on progress in (5)educating consumers and on the overall 
behavioral change of the population. 
 
 
*Millennium Development Goals: In 2001, the Millennium Development Goals (MDGs) were 
created as a set of common development goals for the international community, which was 
based on the United Nations Millennium Declaration signed in September 2000. The MDGs 
were established with the aim of achieving eight specific goals including poverty and hunger 
reduction by 2015. 
 
Quoted from：Nutrition in pediatrics, 5th edition 

 
 
Question 1 
Regarding the sentence underlined (1), what are the major factors that contribute to reduce under-
five child mortality (U5MR)? 
 
 
 
 
 
Question 2 
Regarding the sentence underlined (2), how many under-five deaths per year decreased over the 
two decades since 1990? 
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Question 3  
Regarding the sentence underlined (3), what is the ideal measure that should succeed the 
micronutrient supplementation programs? 
 
 
 
 
 
 
 
 
 
 
 
Question 4  
Regarding the sentence underlined (4), why do you think micronutrient supplementation will 
continue to be a cost-effective? 
 
 
 
 
 
 
 
 
 
 
Question 5 
Regarding the sentence underlined (5), what do you think the educational goal for consumers is? 
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II. Read the following sentences and answer the following 4 questions. 
 

(1)Artificial intelligence (AI) is expected to revolutionize many aspects of society through its 
ability to optimize processes and decisions using computer-based algorithms. Healthcare 
innovation is an area of great promise for AI, with enormous potential socioeconomic impact. In 
the last 15 years, (2)two main advances have laid the foundations for a boom in AI in healthcare 
innovation. Firstly, databases and electronic health records have started to systematically collect 
integrated digitalized medical data for large numbers of patients and asymptomatic individuals. 
Secondly, powerful computing platforms based on high performance computing and cloud 
computing have become available through hardware improvements, particularly in graphics 
processing units. 

(3)Machine learning is a field of AI and is based on computational statistical algorithms that allow 
computers to learn directly from data, without being explicitly programmed. Thus, for example, 
machine-learning techniques have the potential to automatically identify the most important 
features related to key differences in patient data, that is, disease versus healthy. The potential 
applications of machine learning in healthcare are vast, including screening, disease detection and 
classification, patient risk stratification, and optimal therapy selection. In this issue of Nature 
Medicine two studies demonstrate the power of machine learning applied to cardiology. Both 
studies describe deep-learning algorithms applied to large datasets of electrocardiograms (ECGs), 
the most widely used and perhaps simplest recordings in the clinic, and indicate that machine 
learning can be applied to identify heart rhythm abnormalities and mechanical dysfunction. 
 
Deep learning, a type of machine learning inspired by how the brain is connected and works, is 
based on algorithms, also known as models, consisting of interconnected nodes called neurons 
arranged in a network layout. Neurons in the deep-learning network are activated according to 
the data inputs, which were ECGs in these studies. Their activation propagates through the 
network, providing the ability to learn the relationship between input and the output data (such as 
patient or rhythm classification) through a process called empirical learning. Once the neural 
network is trained, its performance is evaluated on an independent dataset that was not used for 
training, and statistical metrics such as sensitivity, specificity, and accuracy are calculated. 
 

(4)The focus of the study by Hannun et al. is cardiac rhythm classification using a deep neural 
network built on a large clinical dataset of 91,232 single-lead ambulatory ECG recordings from 
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53,877 patients. The authors’ goal was the identification of 12 classes of cardiac rhythm from the 
ECG data. Validation was performed against an independent test dataset annotated by a certified 
board of cardiologists. The algorithm showed excellent performance in its ability to identify 
individual rhythm classes. The authors assessed the accuracy of the results using the average area 
under the receiver operating characteristic curve (AUC), which would be 1 for perfect rhythm 
classification and 0.5 for a random classification of rhythms, and achieved an impressive AUC of 
over 0.91 for each of the individual rhythm classes. The algorithm outperformed all individual 
cardiologists who conducted the classification by eye before reaching consensus with additional 
colleagues. 
 
Automatic detection of cardiac rhythms (such as that shown in ref. 2) is becoming increasingly 
important with the emergence of wearable devices, which allow continuous individual monitoring 
and require robust, rapid, real-time analysis of ECG signals to avoid storage of large amounts of 
data. An example is KardiaBand from AliveCor4, a smartphone application based on machine 
learning for the identification of atrial fibrillation episodes from ECG. These technologies come 
with substantial technical, ethical, and clinical challenges. 
 

Quoted and adapted from：Nat Med 24(1), 22-23, Jan 2019 
 

 

Question 1. Regarding the sentence underlined (1), please explain why AI is expected to 
revolutionize many aspects of society. 
 

 

 

 

 

 

 

Question 2. Regarding the sentence underlined (2), please explain the content of two main 
advances. 
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Question 3. Regarding the sentence underlined (3), please list the examples of application of 
machine learning in health care.  
 

 

 

 

 

 

 

 

 

 

Question 4. Regarding the sentence underlined (4), please explain the content of the study by 
Hannun et al (< 50 words). 
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Select any two of the following four questions, and write your answers on answer sheets provided. 

Use one sheet per question (if you need more space for answers, continue them on the reverse side of 

the sheet). Please make sure that you write the number of question you selected in the answer sheet.  

 

<Question 1> 

Answer the following questions 1 to 3 regarding PCR. 

Q1: What does PCR stand for? 

Q2: Explain the principles of PCR. 

Q3: Explain how PCR is useful with an example. 

 

 

<Question 2> 

Answer the following questions 1 and 2 about arteries and veins in the systemic circulation. 

Q1: Describe the similarities between them from the viewpoints of (a) physiology, (b) histology, and 

(c) pharmacology. 

Q2: Describe the differences between them from the viewpoints of (a) anatomy, (b) histology, (c) 

hemodynamics, (d) blood gas partial pressure, and (e) discrimination methods. 

 

 

<Question 3> 

Describe the purpose for which restriction enzymes are used in molecular biology research. Also 

mention the origin, characteristics, function and biological role of the enzyme. 

 

 

<Question 4> 

Answer the following questions 1 and 2 about the membrane potential. 

Q1: Explain the mechanism of resting membrane potential (in human cell), basing on the fact that the 

ion concentrations are different between intracellular ions and extracellular ions. 

Q2: Why does local anesthesia, a sodium channel blocker, block the pain during an operation?  

Explain this mechanism using a key word of “action potential”. 
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