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Abstract 
Introduction   The NCR had amassed 752,668 cases of COVID-19 as of September 2021, the highest 
among the regions in the Philippines. This study aimed to determine the correlation between population, 
population density, age, and sex with the number of cases among local government units (LGU) in the 
National Capital Region (NCR).
Methods  The data for population, population density, age, and sex distribution of the LGUs of NCR were 
retrieved from the 2015 Philippine census while the data for cases were from DOH’s COVID-19 Tracker. 
Pearson correlation coefficient was computed to determine the correlation between population, population 
density and cases. Phi and Cramer’s V statistic were computed to determine associations between sex, 
age groups, and cases.
Results  There was little or no correlation between population density and number of cases (r = 0.236) 
but was good (r = 0.905) when Quezon City was excluded for being an outlier. There was good correlation 
between population and number of cases (r = 964, p < 0.001). There was very weak to no association 
between sex and number of COVID-19 cases. There was a statistically significant moderate association 
between age and COVID-19 cases (f = 0.145, p < 0.001).
Conclusion  The study has shown that population density and population have a good correlation with 
the number of COVID-19 after Quezon City was removed as a data point. There is a moderate association 
between age and number of COVID-19 cases. There is a very weak to no association between sex and 
COVID-19 cases. 
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Epidemics and pandemics have brought about 
changes not only in the healthcare system, but also 

in man’s social life, economy, and travel. The latest 
pandemic that has been wrecking havoc across the 
world is COVID-19, which came to the attention of  
the World Health Organization (WHO) on December 
31, 2019 when their China office was informed of  a 
group of  patients with pneumonia of  unknown origin 
in Wuhan City.1 At the time of  this writing, despite 
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combined efforts of  WHO and involved countries, the 
virus has spread to 222 countries and territories.2  In 
the Philippines alone, 2,385,616 confirmed cases and 
36,934 deaths have been recorded.3  The country was 
only second to Indonesia with the greatest number 
of  confirmed cases in Southeast Asia. This is despite 
the Philippines recording 23,210 cases per million, 
which is close to double compared to Indonesia.4 
The National Capital Region (NCR) had the highest 
number of  cases among the regions, with 752,668 
confirmed cases, equivalent to 31.55% of  the country’s 
total. This was followed by Region IV-A, found in 
close proximity to NCR, with 450,008 confirmed 
cases.3  In spite of  efforts to contain the spread of  the 
virus through lockdowns, cases in NCR showed a slow 
decline in the number of  new cases since mid-August 
of  2020, followed by a rapid rise in mid-April 2021 and 
mid-September 2021.3  As of  September 20, 2021, the 
confirmed cases in the Philippines were 2,385,616 of  
whom 51.1% were male, the most affected age groups 
were 25-29 years (15.5%) and 30-34 years (13.3%). As 
shown in Table 1, Quezon City (QC) had the bulk of  
the cases in NCR with 151,856 (20.2%) and held the 
largest increase in new cases from NCR, followed by 
the City of  Manila with 94,032 cases (12.5%), and 
Caloocan City with 57,833 cases (7.7%). Pateros had 

the lowest number of  cases (1%).3 Tables 2 and 3 show 
the sex and age distribution of  the cases, respectively.
	 There have been several studies correlating the 
spread of  COVID-19 and population density, which 
is a measure of  the number of  people living per 
square kilometer in an area. One such study found 
that countries with greater population density had 
higher rates of  transmission that may be due to 
increased contact rates.5 Furthermore, studies in 
Algeria and Japan have shown similar results, with 
increasing population density being implicated in a 
higher number of  confirmed cases of  COVID-19.6 
However, this, may not be the case in countries with 
strict lockdown rules.7 This is in consideration that 
population density and COVID-19 case estimates 
are influenced by factors such as socioeconomic 
indicators, adherence to social distancing policies, 
and infrastructures catering to health care services.8 
According to the largest publicly available database 
on sex-disaggregated data on COVID-19, worldwide, 
there is no clear trend whether either sex is more likely 
to be infected with the virus. However, many of  the 
countries report that when it comes to mortality, men 
are more likely than women to die from COVID-19.9 
A study on the epidemiologic profile of  COVID-19 
in the Philippines found that slightly over half  of  

Table 1. Population, population density, and cases of the different LGUs in NCR.

   District			  City							       Population				   Population Density (pax/km2)				    Cases					        Cases per 1000

	 1				    Manila							       1,780,148								        71,263										         94,032							        52.82

	 2				    Mandaluyong					         386,276								        41,580										         29,563							        76.53
					     San Juan						          122,180								        20,534										         14,569							      119.24
					     Pasig								        755,300								        15,586										         55,020							        72.85
					     Quezon City					      2,936,116								        17,099									          151,856							        51.72
					     Marikina							       450,741								        20,945										         23,977							        53.19

	 3				    Caloocan						       1,583,978								        23,387										         57,833							        36.51
					     Malabon							       365,525								        23,267										         21,773							        59.57
					     Navotas							       249,463								        27,904										         17,209						       	   68.98
					     Valenzuela							       620,422								        13,195										         34,313							        55.31

	 4				    Las Pinas							       588,894								        18,014										         31,408							        53.33
					     Muntinlupa							      504,509								        12,692										         26,760							        53.04
					     Paranaque							       665,822								        14,297										         43,556							        65.42
					     Pasay								        416,522								        29,815										         35,174							        84.45
					     Makati								       582,602								        27,010										         53,097							        91.14
					     Taguig								       804,915								        17,804										         55,165							        68.54
					     Pateros								         63,840								        17,804										           7,363							      115.34

	 NCR	  									             12,877,253								        20,784									          752,668							        58.48
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Table 2. Population, cases, cases per 1000 in females and males per age group in NCR.

Age Groups										         Female																				                   Male

 								        Population			   Cases				    Cases/ 1000			   Population			   Cases					     Cases/ 1000
		
  0 to 4						     578,262				      6,614					    11.44					     622,181					      7,570						      12.17
  5 to 9						     562,817				      7,803					    13.86					     600,902					      8,506						      14.16
10 to 14					     552,556				    10,215					    18.49					     583,036					    10,911						      18.71
15 to 19					     635,585				    15,479					    24.35					     618,218					    14,771						      23.89
20 to 24					     687,833				    42,064					    61.15					     661,172					    39,501						      59.74
25 to 29					     638,532				    56,958					    89.20					     626,570					    60,030						      95.81
30 to 34					     548,788				    46,138					    84.07					     555,830					    53,644						      96.51
35 to 39					     483,275				    34,535					    71.46					     480,592					    40,484						      84.24
40 to 44					     409,369				    28,666					    70.02					     408,420					    34,276						      83.92
45 to 49					     364,570				    23,919					    65.61					     347,683					    27,593						      79.36
50 to 54					     309,071				    23,185					    75.02					     282,371					    24,547						      86.93
55 to 59					     247,539				    20,824					    84.12					     220,867					    20,147						      91.22
60 to 64					     186,953				    17,127					    91.61					     158,211					    15,211						      96.14
65 to 69					     124,534				    12,429					    99.80					       98,704					    11,283					       114.31
70 to 74					       73,271				      8,991				     122.71					       49,693					      8,121					       163.42
75 to 79					       53,010				      5,258					    99.19					       30,692					      4,104					       133.72
80+							         52,923				      7,497				     141.66					       23,223					      4,267					       183.74

Table 3. Population, cases, cases per 1000 per age group in NCR.

Age Group						      Population							       Cases							         Cases per 1000

  0 to 4									        14,184								        1,200,443								       11.82
  5 to 9									        16,309								        1,163,719								       14.01
10 to 14								        21,126								        1,135,592								       18.60
15 to 19								        30,250								        1,253,803								       24.13
20 to 24								        81,565								        1,349,005								       60.46
25 to 29							         116,988								        1,265,102								       92.47
30 to 34								        99,782								        1,104,618								       90.33
35 to 39								        75,019								           963,867								       77.83
40 to 44								        62,942								          817,789								        76.97
45 to 49								        51,512								          712,253								        72.32
50 to 54								        47,732								          591,442								        80.70
55 to 59								        40,971								          468,406								        87.47
60 to 64								        32,338								          345,164								        93.69
65 to 69								        23,712								          223,238							          106.22
70 to 74								        17,112								          122,964							          139.16
75 to 79								          9,362									         83,702							         111.85
80+										          11,764									         76,146							         154.49

the cases were men.10 In the United States, where 
testing was prioritized for symptomatic individuals, 
diagnosis rates were similar for men and women 
although in South Korea, where community testing 
was mainly practiced, more women tested positive. 
In both countries, however, men had higher mortality 
rates.11 A study linked the higher rates of  COVID-19-
associated morbidity and mortality of  men to a range 
of  biological, psychological, and behavioral factors.12

	 This research aimed to determine the correlation 
of  population, population density, age, and sex with 
the number of  confirmed cases of  COVID-19 among 
the Local Government Units (LGUs) in NCR from 
January 30, 2020, to September 20, 2021. The study 
specifically aimed to determine 1) the correlation of  
population and the number of  confirmed cases of  
COVID-19, 2) the correlation of  population density 
and the number of  confirmed cases of  COVID-19, 
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and 3) the relationship of  age, sex, and the number 
of  confirmed cases of  COVID-19. 

Methods
This study employed a correlational design as its 
objectives were to identify the relationship between 
COVID-19 cases per age range and sex, population, 
and population density among LGUs in NCR. The 
age-sex structure, population, and population density 
of  the 16 cities and 1 municipality in NCR were 
retrieved from the 2015 census of  the Philippines from 
the Philippine Statistics Authority website. The data 
for the confirmed cases of  COVID-19 per age and sex 
were retrieved from the DOH COVID-19 Tracker. 
Population density was computed as the number of  
individuals or inhabitants occupying an area of  1 km2 
(inhabitants/km2) per LGU. 
	 Pearson correlation coefficient (r), with the 
following cut-off  values: 0.00-0.25 for little to no 
correlation, 0.26-0.50 for fair, 0.51-0.75 for moderate 
to good, and > 0.75 for good to excellent correlation, 
was used to determine the strength and the nature 
of  relationship between population and population 
density and the number of  COVID-19 cases in each 
LGU.13 A Pearson correlation was done to assess 
the strength and nature of  relationship between 
population density and the number of  COVID-19 
cases per sex. Using the population and population 
density data, different statistical analyses were used to 
determine the correlation of  sex and age with number 
of  COVD-19 cases. Phi and Cramer’s V were used 
to test for association between age and COVID-19 
cases, and for association between sex and COVID-19 
cases with the following cut-off  values: > 0.25 for 
very strong association, > 0.15 for strong, > 0.10 for 
moderate, > 0.05 for weak, and > 0 for very weak to no 
association. Additional statistical analysis, specifically 
Pearson correlation coefficient was used to assess the 
correlation of  population density with sex. A subset 
analysis was carried out excluding the data from an 
outlier LGU.

Results

Population density, population and COVID-19 cases

	 The Pearson correlation for population density 
was r = 0.236, indicating little or no correlation, 

however this was not statistically significant (p = 
0.362). The Pearson correlation for population was 
r = 0.964, indicating a good correlation that was 
statistically significant (p < 0.001). Figures 1 and 2 
showed that Quezon City was an outlier in terms of  
population density but not in population. Excluding 
Quezon City and recomputing the Pearson correlation 
for population density resulted in r = 0.905, indicating 
a good correlation which was statistically significant  
(p  < 0.001).  Excluding Quezon City in the 
recomputation of  Pearson’s correlation for population 
showed a moderate to good correlation (r = 0.569,  
p = 0.021).

Sex and COVID-19 Cases

	 Using a phi and Cramer’s V statistic, there was a 
very weak to no association between sex and COVID-19  
(f = 0.008, p < 0.001).  

Population density and COVID-19 cases per sex 

	 A Pearson correlation showed a weak to low 
correlation between population density and cases per 
sex that was not statistically significant (r = 0.264, 
p = 0.306). However, like population density and 
COVID-19 cases, removing Quezon City as a data 
point yielded a statistically significant, moderate to 
good correlation between population density and both 
sexes (r = 0.588, p = 0.017).

Age and COVID-19 cases

	 As shown in Table 3, there were more cases in the 
20-24 years age group with a peak in the 25-29 and 
30-34 years age groups (92.47 and 90.33 cases per 1000 
population) and a higher incidence in the 65 years and 
older age groups. Phi and Cramer’s V statistic showed 
a statistically significant moderate association between 
age and COVID-19 (f = 0.145, p < 0.001). 

Discussion
In this study, the researchers analyzed the relationship 
of  population, population density, age, and sex, with 
the number of  COVID-19 cases. The results show 
that in NCR, an increase in population may lead to 
an increase in the number of  COVID-19 cases. This 
is similarly supported by previous research in Japan, 
New York, Madrid, and London.14,15 
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	 The continued movement and traffic of  people 
engaged in face-to-face activities like social gathering 
events and industrial activity may also have a bigger 
effect on the rise of  cases.16 Conversely, access to 
private transportation may help stem the infection 
with COVID-19 by minimizing contact with infectious 
and susceptible individuals. In a study from Ethiopia, 
probable factors contributing to the fast spread 
of  coronavirus include poverty, which leads to a 
poor way of  life and an increased vulnerability to 
infectious diseases.17 Poor access to personal protective 
equipment as well as the health care itself, large family 
size with poor housing, and citizens who engaged in 
risky working conditions in order to support their daily 
lives were some of  the contributing factors on how 
poverty affects increasing COVID-19 cases, thus strong 
and continuous intervention is needed to support the 
poor during the pandemic.17  In the Philippines, with a 
fairly high incidence of  poverty and where more than 
16% of  the population are living below the poverty 
line, this may also be one of  the reasons why cases 
are still increasing.18 
	 A study showed that a reason why densely 
populated areas may have lower infection and 
mortality rates could be the presence of  superior 
healthcare systems in these areas.19  Sociodemographic 
characteristics and social inequities were noted as 
factors which can also affect the spread of  infectious 
diseases, as well as prevent access to health care. 
This consequently led to higher rates of  mortality. 
The study also recognized the nationwide shortage 
in testing capacity as one of  the limitations related 
to data and methodology.19  Since statewide testing 
rate was considered the most significant predictor 
of  county virus infection rate in this study, testing 
capacity should also be considered as a factor in 
obtaining the accurate depiction of  the COVID-19 
cases in the study population.   
	 Another possible explanation for the results could 
be the differing protocols per LGU and a very erratic 
and unpredictable national policy. The said differing 
protocols are due to the mandate for each LGU 
to adopt, coordinate, and implement guidelines in 
accordance to the given local protocols that should be 
implemented as set by the national government.20 This 
is also supported by a study showing an increase in the 
Government Stringency Index, along with an increase 
in the number of  beds per 1,000 people and number of  
physicians per 10,000 people, decreased the number 
of  confirmed COVID-19 cases.21  The study further 

posits that an increase in proportion of  people with 
pre-existing health conditions, population density and 
high median age of  the population would increase the 
number of  confirmed COVID-19 cases.21  This shows 
that there is a huge interplay between the different 
factors that may decrease or increase the number of  
COVID-19 cases in an area, with population density 
being just one of  them. 
  	 It should be noted though that once Quezon 
City was eliminated as one of  the variables, results 
showed a significant correlation and aligned with 
the literature.14,15  This would suggest that there may 
be something unique to Quezon City for it to cause 
a drastic shift in results once it is removed. As cited 
earlier, in cities with higher socio-economic status and 
superior healthcare systems, the effect of  population 
density on the number of  COVID-19 cases may be 
lesser.19  Given Quezon City’s status as the country’s 
wealthiest city until 2017, it may be suggested that 
their pool of  resources may have been integral to their 
low prevalence rate, being second only to Caloocan.22 
Though they may have the most cases in NCR, this 
is but a small fraction of  their population. Moreover, 
Quezon City is home to most of  the hospitals in NCR, 
a possible indication of  better healthcare systems 
available to its people.23 The Cities and Municipalities 
Competitiveness Index (CMCI), an annual ranking 
anchored on the pillars of  economic dynamism, 
government efficiency, infrastructure and resiliency 
has also been topped by Quezon City for the past 
four years, with capacity of  health services being one 
of  the key indicators.24  It should also be noted that 
Quezon City has the highest employment rate among 
the different cities in NCR, which may have affected 
the results.25 
	 Given the results shown in both scenarios, 
with and without Quezon City, it may be seen that 
population density, though an important factor, can be 
heavily affected by its interplay with other factors with 
regards to the effect on the rising number of  COVID-19 
cases. A deeper look into the effect of  Quezon City’s 
huge land area and population is recommended to 
see what effects they may have on the transmission 
of  COVID-19. Moreover, implemented COVID-19 
mitigation measures the city may be employing can 
be further studied and possibly be emulated by other 
cities. Future studies may investigate whether Quezon 
City’s situation is just incidental to its vast area or 
if  there are certain things the city is doing more 
efficiently that may explain these surprising results. 
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	 Another factor the study sought to investigate was 
sex and its relation to the rising number of  COVID-19 
cases in NCR. The study’s results demonstrated an 
association between sex and COVID-19 cases, albeit 
weak and non-directional.  As shown in Table 2, 
males in NCR across all age groups, except 15-19 
and 20-24, were found to have higher prevalence 
per 1,000 cases. This is supported by the data from 
a study on clinical and demographic risk factors 
and COVID-19, wherein there were more cases of  
males than females in Pakistan.26  Likewise, data 
in Germany and Switzerland showed that there 
was an increased incidence of  COVID-19 infection 
specifically in males above 60 years old.27 However, 
this is in contrast to a study stating that females of  
working age are more likely to be diagnosed with 
COVID-19, attributing this to the greater number of  
females in the healthcare profession.28  Moreover, in an 
ecological study of  incidence of  COVID-19 and gender 
in 177 countries, the ratio of  people above 60 years 
was positively associated with the incidence, noting a 
higher correlation in females than in males.29 Yet, in 
a meta-analysis of  90 reports involving 46 countries, 
the results showed that the proportion of  male cases 
was exactly half  at 50%, indicating that males and 
females have similar numbers of  infections.30 
	 Nonetheless, though the effect size was small, the 
association prompted the researchers to further thresh 
out the relationship of  sex and COVID-19 cases by 
comparing it to population density. Similar to this 
study’s previously elaborated results, when NCR 
was evaluated as a whole, there was no significant 
correlation between the population density and sex 
of  those who tested positive for COVID-19. When 
Quezon City was removed as a data point, the Pearson 
correlation between population density and both male 
and female cases proved significant. This suggests 
that an increase in the population density of  a place 
would lead to higher cases in both genders. In both 
cases, with and without Quezon City, it was noted 
that males show a higher correlation with population 
density compared to females (r = 0.264 > 0.206;  
r = 0.588 > 0.543).
	 Given this, it would be helpful to understand what 
factors may lead to sex being a possible factor in the 
rise of  COVID-19 cases in NCR. Aside from biological 
and genetic factors, differences in attitude may play a 
role in the difference in susceptibility among the two 
sexes. Rather than simply looking at sex as a risk factor 
for COVID-19, other factors may be investigated to 

increase knowledge and understanding on the spread 
of  the virus. These may include the percentage of  
female health professionals, adherence to preventive 
measures, and adaptive behaviors. In a meta-analysis, 
gender demographics was cited as having association 
with adaptive behaviors during a pandemic.31  These 
include health-protective factors such as being female, 
older, more educated, and non-white. Furthermore, 
in another study, females showed greater adherence 
to preventive measures than males, making the latter 
more vulnerable to infection.32 Despite the fact 
that some actions such as making a livelihood and 
purchasing supplies could be possible reasons in 
increasing COVID-19 cases among males in NCR, this 
has to be studied further by future researchers. Future 
studies may give a look into the qualitative aspect of  
male and female behaviors during the pandemic as 
well as comparing other predisposing risk factors such 
as occupation, nature of  occupation, and dynamics in 
the family to get a more coherent understanding of  
the apparent risk factor of  sex. 
	 Lastly, the study investigated how age and 
COVID-19 cases were related. The results showed 
a moderate association between age and COVID-19 
cases. It must be noted that the age distribution 
was obtained from the 2015 census. This was non-
directional and could not explain whether the 
association was linked to an increase or decrease in 
the age. This is partially supported by an ecological 
study of  incidence of  COVID-19 and age in 177 
countries wherein age was found to be a significant 
determinant of  COVID-19 infections. The study 
also found that the median age of  25 to 64 years old 
was strongly associated with the incidence rate of  
COVID-19.29 Zoning in on the results of  the study as 
shown in Table 3, a drastic increase from age group 
15-19 and 20-24 and another spike from 20-24 and 
25-29 is observed. A plateau in prevalence can then 
be observed from age groups 25-29 to 60-64 ranging 
from 72.32 and 93.69 prevalence per 1000. This is 
further supported by a study on COVID-19 infection 
rates across European countries which reported that 
individuals under the age of  19 are the least infected, 
while the population with the age over 20 have the 
most cases with a rising infection rate seen in the 
working group.28  The working population are more 
likely to be mobile compared to other age groups, and 
thus more likely to encounter infectious individuals. 
On the other hand, another study suggested that 
children may be less likely to be infected due to their 
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stronger, more active immune response, less comorbid 
conditions, and clearer respiratory tracts because of  
lesser exposure to smoke, pollution, and other airway 
irritants.32  This is in line with the safety protocols 
enacted by the Philippines wherein individuals below 
18 and above 65 are generally not allowed to go out. 
Another factor that may be looked into is that age 
groups 0-4 until 15-19 are engaging in online classes 
rather than in-person classes, thus limiting their need 
to go out and get exposed. This may also indicate the 
effectiveness of  the imposed quarantine restrictions 
banning those aged below 18 and those over 65 from 
going outside their residences.
	 There is also an observable disparity in the 
result of  the above studies and the prevalence of  
COVID-19 among the groups from 65-69 until 80+ 
in NCR, wherein the prevalence remained high or 
even increased in some age groups. This may be 
due to their willingness to be tested secondary to 
symptomatic or even severe COVID-19. As aging is 
associated with increasing numbers of  comorbidities 
such as cardiovascular diseases, hypertension, 
diabetes, congestive heart failure, cerebrovascular 
disease, chronic kidney disease, chronic liver disease, 
cancer, chronic obstructive pulmonary disease 
and asthma, these predispose older adults to more 
severe COVID-19 symptoms.33  A study on age 
distribution and COVID-19 found that older adults 
are more likely to be tested since they more often 
present with symptomatic COVID-19.34 Additionally, 
according to a systematic review and meta-analysis 
on the prevalence of  comorbidities and COVID-19, 
hypertension and diabetes mellitus are the two most 
prevalent diseases in patients with COVID-19. The 
study then stated that it is intuitive that younger age 
groups are not showing too severe symptoms to make 
them refer to the hospitals and get tested and thus they 
remain undiagnosed.35

	 It is recommended that future studies investigate 
the willingness of  each age group to get tested for 
COVID-19, which may be affecting the distribution 
of  the number of  cases across these age groups. 
The severity of  symptoms and the presence of  
comorbidities in each age group can also be studied, 
all of  which give a picture on understanding as to 
how age, and other factors linked to it, are related 
to COVID-19. Future studies may investigate the 
differences of  testing rates between the LGUs. Further 
analyses per city and barangays within those cities may 
also be investigated as there may be differences in the 

possible results when the LGUs and their components 
are split into smaller sets of  data.
	 The study has shown that population density and 
population have a good correlation with the number 
of  COVID-19 after Quezon City was removed as a 
data point. There is a moderate association between 
age and number of  COVID-19 cases. There is a very 
weak to no association between sex and COVID-19 
cases.
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