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Article

Introduction

Hypertension has been identified by the World Health 
Organization (2013) as one of the most significant risk 
factors for morbidity and mortality worldwide and is 
responsible for the deaths of approximately nine million 
people annually.

Williams et al. (2018) indicated that the global preva-
lence of hypertension was estimated to be 1.13 billion in 
2015. The overall prevalence of hypertension in adults is 
approximately 30% to 45%, with a global age-standard-
ized prevalence of 24% and 20% in men and women, 
respectively, in 2015. This high prevalence of hyperten-
sion is consistent worldwide, and hypertension becomes 
progressively more common with advancing age, with a 
prevalence of >60% in people aged >60 years. It is esti-
mated that the number of people with hypertension will 
increase by 15% to 20% by 2025, reaching close to 1.5 
billion.

In response to the prevention of hypertension, many 
international organizations, countries, and regions have 
issued relevant guidelines, which explain and determine 
the definition, measurement, and clinical diagnostic cri-
teria of hypertension along with the treatment and the 
influencing factors of hypertension. Based on evidence, 
Hypertension Canada provides annually guidelines for 
hypertension in adults and children, and they introduced 
five new guidelines in 2018 (Nerenberg et al., 2018). In 

2018, the American College of Cardiology (ACC) and the 
American Heart Association (AHA) also released a new 
clinical practice guideline for the prevention, detection, 
evaluation, and treatment of high blood pressure (BP) in 
adults (Whelton et al., 2018). Ali and Bakris (2019) pro-
vide an overview of the different guidelines for hyperten-
sion management from around the world. Despite the 
availability of many effective antihypertensive drugs and 
the effectiveness of the treatment of hypertension, the 
prevalence of hypertension is increasing in the world. In 
Latin America, people adopt high-income country life-
styles, though most of them are still living in low-income 
regions, resulting in an increase in hypertension (Task 
Force of the Latin American Society of Hypertension, 
2017). The reasons for this relate, in part, to a lack of 
understanding of the exact mechanisms underlying the 
pathogenesis of hypertension, which is complex involv-
ing interactions between Genes, Physiological Processes, 
and Environmental Factors.

Hypertension is also China’s largest chronic disease, 
with the highest prevalence rate in the world (Chen, 
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2016). Based on a nationally representative sample of 
adult residents (≥18 years old) in mainland China from 
2012 to 2015, the study (Wang et al., 2018) found that 
about 23% of the Chinese adult population had hyper-
tension and another 41% had prehypertension. And, 
according to 2019 Chinese guideline for the manage-
ment of hypertension in the elderly (Qi & Li, 2019), 
over half of Chinese elderly people have hypertension, 
and for those aged 80 years or over, the prevalence 
reached 90%. In addition, the awareness rate, treated 
rate, and controlled rate of hypertension in people aged 
over 60 years still remained at a low level, implying a 
potential heavy burden of future cardiovascular disease 
in China.

Population aging along with high hypertension prev-
alence has been a great social challenge in China. To 
meet this challenge, the Chinese government has trans-
lated its policy priority from “disease treatment’’ to 
“health promotion and disease prevention” (Qi & Li, 
2019). Prevalence and incidence are both important con-
cepts in epidemiology. Prevalence is usually used to 
describe the current status of hypertension in elderly, 
and there are already a lot researches that have been 
done, whereas incidence could provide more informa-
tion for disease prevention and give positive guidance 
for policy makers. Nonetheless, due to lacking the 
empirical data that some methods require, there are less 
sufficient articles on the exact incidence estimates.

So, the incidence estimates and influencing factors of 
hypertension in Chinese elderly are the research objec-
tives in the study. We aim to remind those elderly who 
are at the risky ages to pay more attention to their suspi-
cious symptoms of hypertension and seek medical 
advice in a timely manner, and find out what factors 
potentially impact the elderly’s risk of developing 
hypertension thus people could avoid them to some 
extent. We used the data in 2013 from CHARLS, select-
ing event-occur subjects (who were previously diag-
nosed with hypertension) and those event-free subjects 
(who were never diagnosed with hypertension until 
death) as the susceptible population of hypertension. 
Then, PIE method is applied to estimate the risk of 
hypertension in an age-specific elderly population, and 
Cox model is fitted to study the influencing factors of 
developing hypertension.

Models and Method

Research Design

There are many studies on the incidence of chronic dis-
eases in the field of statistics and epidemiology. The 
early works of Miettinen (1977) and Freeman and 
Hutchison (1980) established a well-known epidemio-
logical equation for the relationship between the preva-
lence, morbidity, and duration of a chronic disease 
under equilibrium conditions: Prevalence = Incidence 
Rate × Pathogenesis of Disease. However, though the 

prevalence is accessible, the pathogenesis of the chronic 
disease, that is, the duration in which the patient is 
infected from the pathogen to show symptoms, is so dif-
ficult to observe that we can hardly estimate incidence 
by this equation. Due to this, cohort studies are often 
used to make the inferences of incidence.

A prospect cohort study costs a lot because it requires 
many observations and a long follow-up period to pro-
duce a sufficient number of cases. As an alternative, 
researchers sometimes conduct research by recruiting 
individuals who had already developed a certain disease 
at a fixed time, trace their onset time (or disease diagno-
sis time), and track them until death or loss of follow-up. 
And, that’s part of China Health and Retirement 
Longitudinal Study (CHARLS).

CHARLS is a population-based cohort study and 
concerns about seven prospects of an elderly, including 
demographic backgrounds; family; health status and 
functioning; health care and insurance; work, retirement 
and pension; income, expenditures and assets; and hous-
ing characteristic. Specifically, it contained the informa-
tion that whether the subject had been diagnosed with a 
certain chronic disease like hypertension by doctors and 
when the diagnosis had been made before they enter the 
observation period. We regard the onset of the disease as 
the “event” of interest. All data are publicly available 
and anonymized, without involving any privacy and eth-
ics issues.1

In our study, we consider the diagnosis year as the 
exact onset year of the disease. Then, we could apply 
appropriate statistic method to estimate the age-specific 
incidence and cumulative incidence of hypertension in 
Chinese elderly and find out which factors are risky for 
this chronic disease.

CHARLS is an intertemporal study that is conducted 
every 2 years since 2011, and now the data in 2011, 2013 
and 2015 are available in the official website. But we 
only need one of these three sets of data because the 
form and design of the questionnaire are roughly the 
same. But this could result in another problem, the intra-
subject variability. For example, a responder admitted 
that he had been diagnosed with hypertension in 2011 
but rejected this fact in 2013. This will have an impact 
on the estimation, but because this situation happens 
relatively little, and our study focuses more on the 
method, so we consider dealing with this possible error 
in future work.

Study Participants

All the study participants in CHARLS came from more 
than 400 villages in more than 100 counties, and the 
total number of samples involved was nearly 20,000. 
The subjects have been recruited as nationally repre-
sentative sample of Chinese residents of ages 45 years 
and older to serve the needs of scientific research on 
the elderly and were evaluated biennially since 2011. 
In CHARLS, digital ID is used to ensure data 
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consistency with the individual and well protects the 
privacy of respondents. We guarantee that their infor-
mation is for research purposes only and not for any 
commercial use.

Statistical Analysis

PIE method. On the basis of CHARLS, to realize a valid 
estimation of cumulative incidence, that is, the future 
risk of developing hypertension, we must notice that 
CHARLS is not a full cohort study, so we should rely on 
survival analysis methods. When it comes to define the 
time scale, Korn, Graubard and Midthune (1997) believe 
that considering the date of birth rather than the date of 
the study as the time origin is more reasonable. That’s to 
say, we assume that the cumulative incidence of hyper-
tension is more likely to change as a function of age than 
as a function of calendar time. As the date of birth is the 
exact time origin, subjects would enter the observation 
period at different ages. In addition, another factor, 
death, which may influence the future risk, also deserves 
our consideration. To achieve all above-mentioned, PIE 
method was came up with.

PIE was carried out by Beiser, D’Agostino, Seshadri, 
Sullivan, and Wolf (2000) to estimate the incidence rate 
of Alzheimer’s disease based on the Framingham 
Alzheimer’s disease cohort study. The method can strat-
ify the population by grouping variables (such as age) 
and can produce age-specific incidence of Alzheimer’s 
disease in elderly patients.

The basic variables of the PIE method include the ID 
of the sample, the gender, the year of birth, the year of 
diagnosis, and the year of death. Then, a series of auxil-
iary variables, which are entry age, survival age, event 
status, and any event status, could be constructed by 
those basic variables.

Entry age refers to the age at which the subject is 
observed, whose value is the starting year of observation 
minus the year of birth.

Event status is an indicative variable that is used to 
help identify the onset of the disease.

Any event status is also an indicative variable to iden-
tify individuals who are diagnosed with hypertension or 
die during the observation.

Survival age means the time from birth to the end of 
the follow-up. Each participant in the cohort is classified 
as a case (i.e., he or she was diagnosed with hyperten-
sion during follow-up) and a censored sample. For those 
who are classified as onsets, the end of the follow-up 
period is the diagnosis year of hypertension. And, the 
end of the follow-up period of the censored sample is the 
year of death.

With the help of the entry age and the survival age, it 
is possible to determine whether each sample is at risk of 
developing hypertension and at what age. As the obser-
vation point is a variable that can be customized, it is 
possible to simulate a scenario in which different groups 

enter the study in different years based on the samples 
that were only recorded in the 2013 survey.

The key variables of the PIE can be determined by 
the above-mentioned auxiliary variables, including the 
number of people who have a risk of hypertension at 
age A, rA ; the number of people diagnosed with hyper-
tension at age A, eA ; the weight of each individual at age 
A, wA  (If the data are censored and the event does not 
occur until the censored point, it is given a weight of 0.5, 
otherwise it is given a weight of 1); and the number of 
people determined to be sick or dead at age A, cA .

The estimation of age-specific incidence. The incidence rate 
can be estimated by the ratio of the number of people who 
developed hypertension in that year to the number of peo-
ple who are at risk in that year. It can be expressed as:
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In this article, K is set to 1,000, and the rate represents 
the number of new patients per 1,000 people in a year.

The estimation of the incidence rate of people of dif-
ferent ages, genders, or certain compositions should not 
be directly compared, so an adjusted or standardized esti-
mation is needed. However, the standardized results are 
only used to compare the incidence estimates between 
two groups, and the specific values are not of realistic 
significance.

This article will combine the samples in the grouped 
data as a standard population. The definition of the 
male population is 1, and the female population is 2. 
The age-adjusted annual incidence of these two groups 
is as follows:
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where P w wG G G A= ∑{ ( ( )}| all  represents the proportion 
of people with weighted risk to the total number of peo-
ple in group G.

The estimation of cumulative incidence. Suppose 
t t t tj J1 2< < < < <   are the ordered ages of N indi-
viduals who are diagnosed as hypertension or died, ej  is 
the total number of people at t j , and rj  is the number of 
people who are at risk of developing hypertension at t j .

According to the definition of survival function pro-
posed by Kaplan and Meier (1958), the probability that 
someone has not developed hypertension until t is:
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where k is the largest j that makes t tj < . h e rj j j= ( )/  is 
a conditional probability estimate, that is, the probability 
of developing hypertension at t j  under the condition 
that the subject has not been diagnosed as hypertension 
until t j−1 . As the intuitive unconditional cumulative 
incidence of hypertension at t j  is more significant, the 
discrete unconditional incidence f t j

( )  is constructed to 
help estimate the following:

f t h S tj j j
� �( ) = ( )−1 .  (5)

Then, the cumulative incidence is estimated to be:
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In this article, A is the age we concerned with, and 
h AA =  when ages < Amin :
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The adjusted estimate of cumulative incidence. In the sur-
vival function proposed by Kaplan–Meier, the subjects 
who died during the observation period were considered 
truncated, that is, if the observer was unaware of the 
presence of censored data, the individuals who did not 
develop hypertension until their deaths were still likely 
to contribute to the estimate. Thus, adjustments need to 
be made to consider the impact of censored samples on 
cumulative incidence estimates.

Gaynor et al. (1993) described the methods to adjust 
the cumulative incidence of chronic diseases in response 
to the competing risk of death in detail. The adjustment 

here is mainly for the unconditional incidence rate f A
  

mentioned above. The adjusted cumulative incidence 
estimate is similar to the unadjusted estimate, except that 
death is not considered censored but is calculated as an 
event of interest along with a chronic disease diagnosis. 
Using the symbols in the previous section, the condi-
tional probability of onset or death at age j is c rj j/ , and 
then, the unconditional probability of the event at t j  is:
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where ′S t( )  represents the adjusted survival function 
and k is the largest j that makes t tj < . Then, the adjusted 
cumulative incidence can be modified as follows:

f h SA A A* = ′ −1.  (11)
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Bootstrap sampling. As the distribution of the sample 
used in this article is unknown, the bootstrap sampling 
method is considered to obtain the confidence interval 
(CI) of the cumulative incidence estimate. Repeatedly 
extracting n times from the original sample with size n 
to conduct a new sample, B new samples are produced 
by repeating this sampling process B times. The cumula-
tive incidence estimators of these samples can also be 
calculated and ordered as:
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Let R X FA( ) =  , and regard the distribution of 
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B is large enough, such as B = 10,000, FAk1
*  and FAk2

*
 

can be used as an estimate of the quintiles FA( / )
*
α 2
  and 

FA1 2−( / )
*

α
 :
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Therefore, the CI for the cumulative incidence esti-

mate FA
  with a confidence level of 1−α  is ( , )* *F FAk Ak1 2

 

. 
This method can be implemented by the boot package 
in R.

Cox model. As mentioned in section “Research Design,” 
it’s hard to conduct a large-scale cohort study of the eti-
ology of chronic diseases due to the difficulty of collect-
ing data. Nested case-control study (NCCS) can be 
applied to solve this problem and analyze the potential 
factors that may result in a chronic disease. NCCS is an 
epidemiological design that combines traditional case-
control studies with cohort studies. In an NCCS, all the 
cases of disease in the cohort form a case group, and by 
the time of disease occurrence in the case, one or more 
controls were randomly matched for each case in the 
non-case of the cohort to form a control group. By doing 
this, the manpower and resources involved in data col-
lection can be greatly saved.

Cox proportional hazard regression model is usually 
used in NCCS to determine whether some suspected 
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factors would contribute to the onset of disease. Cox 
model is constructed by the idea of multiple linear 
regression and logistic model. And, it can be written as:
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β .  (16)

where X indicates factors that may affect the outcome, 
also known as covariates; β  represents partial regres-
sion coefficients; h t( )  is called the risk function of the 
individual with covariate X at time t, indicating the 
instantaneous risk rate of the individual whose survival 
time has reached t; and h t0 ( )  is the baseline risk func-
tion, which represents the instantaneous risk rate of the 
individual at time t when all X have a value of zero.

From the aspect of epidemiology, we focused on the 
hazard ratio (HR) of the factor, which is the ratio of the 
risk rate at the time of exposure to the risk rate at the 
time of non-exposure. Because when the absolute value 
of HR is significantly larger than 1, we consider that the 
factor has impact on the outcome. And, the relation 
between HR and partial regression coefficient is:

HR ∼∼∼∼ eβ.  (17)

Empirical Analysis

Data and Processing

We choose the results of the CHARLS in 2013 as the 
basic data set because it contains the most complete 
tracking sample information compared with those from 
the other years, 2011-2015. And, we only focused on the 
event-occur subjects (who had been diagnosed with 
hypertension before the survey in 2013) and event-free 
subjects (who hadn’t been diagnosed with hypertension 
but had died before 2013).

The principles of data processing included the fol-
lowing: (a) only retain samples containing complete 
birth information and gender information; (b) when a 
sample is diagnosed with hypertension, the year of diag-
nosis must be greater than or equal to the date of birth 
and less than or equal to the time of the survey year, 
2013; otherwise clear the data; (c) if the sample died 
during the follow-up investigation, the data must include 
the birth year, gender, and year of death; otherwise, 
delete the data.

The valid samples retained after data processing were 
considered to be susceptible to hypertension and were 
the main research objects of this article. The sample size 
of the susceptible population was 3,938, including 2,123 
(53.9%) females and 1,815 males (46.1%).

Incidence Estimate

As mentioned above, setting different observation start-
ing points can simulate the situation in which multiple 

samples enter the research at corresponding observation 
points, which can reflect the evolution of hypertension 
in the population over time. It also intuitively reflects 
the distribution of the incidence of different age groups 
in the same year. In the line graph shown in Figure 1, 
the horizontal axis shows 11 age groups starting from 
45 years, except for the interval of the last age group is 
6 years, and all other age groups are separated by 5 
years. The vertical axis marks the annual incidence of 
hypertension. Each line shows the estimated annual 
incidence of hypertension at the same observational 
starting point in different age groups, and different lines 
represent different starting points for observation. A 
longitudinal comparison can be used to observe the 
trend of the annual incidence of hypertension in each 
age group.

The results show that regardless of the year in which 
the observation point year is set to 2000-2012, the 
annual incidence of hypertension in the 90 to 94 years 
and 95 to 100 years age groups is 0. When it is set to 
2000-2007, under the same observation point, the annual 
incidence of hypertension first increases and then 
decreases with increasing age, reaching a peak at ages 
60 to 64 years. However, the annual incidence of hyper-
tension peaks at ages 45 to 49 years when the observa-
tion point is set to 2008-2011.

The horizontal axis of Figure 2 characterizes the 
calendar time of 12 observation points, and the vertical 
axis indicates the annual standardized incidence. The 
red broken line represents the trend of the annual inci-
dence of hypertension in women with the calendar 
time, and the blue line represents that of men. It can be 
clearly seen in the figure that when the starting point of 
the observation is set to 2000-2005, the annual inci-
dence of hypertension in women is slightly higher than 
that in men, whereas if the starting point is set after 
2006 and 2006, this gender difference becomes more 
obvious.

Figures 3 and 4 depict the trend of cumulative inci-
dence and adjusted cumulative incidence of hyperten-
sion after 65 years old as the change of the observation 
point. The lines of different colors symbolize the future 
risk of elderly patients at different ages.

As shown in Figures 3 and 4, the cumulative inci-
dence of hypertension in the elderly population tends to 
increase rapidly over time at ages 65 to 70 years. It also 
shows an annually increasing trend throughout the life 
span.

Table 1 lists the cumulative risk of onset at a certain 
time (the time increment was set to 5 years) after the age 
of 65 years when the observation starting point is set to 
2000. Surprisingly, the lifetime cumulative incidence of 
hypertension is estimated to be as high as 95.48% (95% 
CI = [95.12%, 95.53%]), and the adjusted one is 86.21% 
(95% CI = [85.09%, 87.87%]), indicating that even 
though elderly patients who had not been diagnosed 
with hypertension before 65 years old are very likely to 
develop this disease during their life span.
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Adjustments can effectively reduce the cumulative 
incidence, and they have a more pronounced impact on 
the cumulative risk of 20, 25, 30, and 35 years. When 
the age increases to 80 years and older, the mortality 
rate will be higher; thus, the adjusted cumulative inci-
dence estimate will eliminate more impact caused by 
the censored samples. The results also reveal that the 

cumulative risk of older people over the next 25 years 
is no different than their lifetime risk.

Hypertension Life Table

According to the principle of the life table of the popula-
tion, we have compiled a life table of hypertension in the 

Figure 1. Age-specific incidence estimates of hypertension under different observation times.

Figure 2. Gender-specific incidence of hypertension as a function of observation time.
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elderly population for a specific observation year. The 
table can simultaneously show the annual and cumulative 
incidence of hypertension in the elderly in China. Moreover, 
the expected healthy life expectancy, which is the average 
number of years in which the elderly survive without 
hypertension, is also an important component of this table.

The variables in the life table include (a) the age of the 
individual in the current year X; (b) the annual incidence 

rate of people who are X years old, qX; (c) the cumula-
tive incidence between X years old and 100 years old 
(generally regarded as lifelong); (d) the expected healthy 
(without hypertension) time after 65 years old, EX, 
where EX = (1 – FX) * (100 – X).

When the observation starting point is set to 2,000, 
the life table of hypertension without considering gender 
differences is shown in Table 2.

Figure 3. Cumulative incidence estimates of hypertension conditional on event-free to 65 years old under different 
observation times.

Figure 4. Adjusted cumulative incidence estimates of hypertension conditional on alive and event-free to 65 years old under 
different observation times.
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We focus on the actual cumulative incidence and life 
expectancy in the life table. Therefore, Figures 5 and 6 
plot the trend of FX and EX changes as a function of age 

X under the observation point year 2000. It is notewor-
thy that Figure 5 differs from Figure 4 in that the latter is 
essentially a cumulative probability distribution plot 
depicting the cumulative incidence from age of 65 years 
to an unknown age range; the former shows the cumula-
tive incidence from X to 100 years old.

Figure 5 shows that from ages of 65 to 84 years, with 
increasing age, the cumulative incidence of hyperten-
sion between X and 100 years old shows a decreasing 
trend. After the age of 84 years, the cumulative inci-
dence increases and reaches a high value at the age of 87 
years. On one hand, this indicates that although the elder 
was not diagnosed with hypertension before, the cumu-
lative probability of onset after the age of 84 years is still 
great. On the other hand, it also indicates that the results 
are unstable due to the lack of sufficient data.

Figure 6 suggests that even though the elderly are at 
risk of death and morbidity between the ages of 65 and 
80 years, their life expectancy without hypertension 
shows an increasing trend. After age of 82 years, life 
expectancy decreases.

Risk Factors for Hypertension

Aiming at disease prevention and control, we hope to 
understand the influencing factors of hypertension in 
elderly Chinese patients. According to the design of 
NCCS, for each case of hypertension, we select one 
matched control with the same age from among those in 
the cohort who have not developed disease by the time 
of disease occurrence in the case. Then, we selected sev-
eral factors from three aspects: basic demographic char-
acteristics, lifestyle and daily behaviors, and retirement 
and old-age care as the variables of exposure and fit 
univariate Cox model. The results are shown in Tables 3 
to 5. The estimate of coefficient in the Cox model along 
with its significance implies the crude HR of the risk 
factor of exposure and whether this HR deserves trust-
ing. We consider the exponential of the coefficient as the 
substitute of the HR for its corresponding factor. The 
value of HR, which is less than 1, implies a negative 
impact on the hypertension and vice verse.

Table 1. Estimates of UCI and ACI of Hypertension Conditional on Event-Free to 65 Years Old.

Years UCI UCIL UCIR ACI ACIL ACIR

 5 0.487 0.4644 0.5372 0.4862 0.4592 0.5217
10 0.7367 0.7253 0.7535 0.7162 0.697 0.743
15 0.8641 0.8566 0.8671 0.8174 0.8014 0.8382
20 0.9136 0.9078 0.9168 0.8543 0.8402 0.8724
25 0.9548 0.9512 0.9553 0.8621 0.8509 0.8787
30 0.9548 0.9512 0.9553 0.8621 0.8509 0.8787
35 0.9548 0.9512 0.9553 0.8621 0.8509 0.8787

Note. UCI = unadjusted cumulative incidence; ACI = adjusted cumulative incidence; UCIL = lower limit of the confidence interval of UCI;  
UCIR = upper limit of the confidence interval of UCI; ACIL = lower limit of the confidence interval of ACI; ACIR = upper limit of the 
confidence interval of ACI.

Table 2. The Table of Hypertension.

X LX WX DX qX FX EX

 65 547 545.5 78 0.143 0.8621 4.8251
 66 516 514.5 66 0.1283 0.844 5.3043
 67 496 493.5 55 0.1114 0.83 5.6103
 68 471 468.5 57 0.1217 0.8172 5.8492
 69 442 440 54 0.1227 0.7986 6.2449
 70 412 407.5 53 0.1301 0.79 6.3009
 71 373 369 51 0.1382 0.7742 6.5478
 72 342 341.5 39 0.1142 0.7347 7.4281
 73 318 315 36 0.1143 0.7184 7.6021
 74 296 291.5 39 0.1338 0.706 7.644
 75 260 255.5 42 0.1644 0.6837 7.9072
 76 223 220.5 25 0.1134 0.629 8.9051
 77 201 194.5 26 0.1337 0.636 8.373
 78 167 159.5 17 0.1066 0.6381 7.961
 79 141 137 16 0.1168 0.6091 8.2089
 80 119 117.5 17 0.1447 0.5541 8.9175
 81 100 98 17 0.1735 0.504 9.4231
 82 81 77 8 0.1039 0.471 9.5224
 83 66 64.5 5 0.0775 0.3862 10.4344
 84 59 57.5 6 0.1043 0.3524 10.3616
 85 50 46.5 2 0.043 0.3758 9.3625
 86 41 38 0 0 0.3852 8.6077
 87 35 31.5 5 0.1587 0.4798 6.7631
 88 24 21 3 0.1429 0.4583 6.5
 89 15 13.5 2 0.1481 0.3333 7.3333
 90 10 9 0 0 0.2 8
 91 8 7 0 0 0.25 6.75
 92 6 5 0 0 0.3333 5.3333
 93 4 3.5 0 0 0.25 5.25
 94 3 2.5 0 0 0.3333 4
 95 2 1.5 0 0 0.5 2.5
 96 1 1 0 0 0 4
 97 1 1 0 0 0 3
 98 1 1 0 0 0 2
 99 1 1 0 0 0 1
100 1 0.5 0 0 0 0
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As the results indicate, women and urban residents 
have a higher probability of developing hypertension. In 
addition, the higher the level of education, the lower the 
probability of onset. That’s quite understandable. Apart 
from genetic factors, some experts believe that if people 
have anxiety for a long time, they will accelerate the for-
mation of hypertension. Generally, the life pace of urban 

areas is faster than that of rural areas, so urban residents 
are more likely to be in a state of tension and suffer from 
the disease. As for the gender differences in hyperten-
sion, Bai (2011) explained that in the elderly, women 
have a higher incidence of hypertension than men prob-
ably because female hormones change during pregnancy 
and menopause. As for the education background, there 

Figure 5. Adjusted cumulative incidence estimates of hypertension conditional on event-free to a certain age.

Figure 6. Expected healthy time estimates conditional on event-free to a certain age.
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may be a higher awareness rate about hypertension 
among people who have a higher diploma.

The results of factors from lifestyle and daily behavior 
show that drinking mainly influence the onset of 

hypertension. To be more specific, the higher the alcohol 
level, the higher the drinking frequency, and the longer 
time of drinking is, the greater the risk for hypertension. 
That’s also realistic. As many experts claimed, excessive 

Table 3. Cox Results of Factors From Demographics.

Demographics

Factor eβ 95% CI of eβ p value

Gender
(male; female)

1.169 [1.072, 1.274] .000426***

Place of residence
(city/town; village)

1.139 [1.026, 1.266] .0151*

Educational background
(no formal education literate; did not finish primary school; elementary school; 

middle school; high school; vocational school; 2-/3-year college/associate 
degree; 4-year college/bachelors degree; postgraduate, master’s degree)

0.9866 [0.9761, 0.9971] .0128*

Note. Assign the numerical values to the above classification levels in order from small to large. CI = confidence interval.
“*”,“**” and “***” represent the significance of 0.1, 0.05 and 0.01 respectively.

Table 4. Cox Results of Factors From Lifestyle and Daily Behavior.

Lifestyle and daily behavior

Factor eβ 95% CI of eβ p value

Sleep time 0.9892 [0.9643, 1.015] .405
The amount of cigarette 0.9974 [0.9926, 1.002] .291
The price of cigarette 0.998 [0.9838, 1.012] .79
Time as a smoker 1.002 [0.9981, 1.006] .319
Time as a drinker 1.016 [1.003, 1.029] .016*
Frequency of activity
(almost daily; almost weekly; not regularly)

1.013 [0.9745, 1.054] .503

Meal frequency
(more than 4 meals per day; 4 meals per day; 3 meals per day; 2 meals 

per day; 1 meal per day; less than 1 meal)

0.99 [0.9464, 1.036] .662

Smoking status
(smoke; not smoke)

1.051 [0.9045, 1.222] .515

Frequency of drinking
(drink once per month; drink twice or third per month; drink once per 

week; drink twice or third per week; drink 4-6 times per week; drink 
once per day; drink twice per day; drink more than twice per day)

0.9677 [0.9499, 0.9858] .000518***

The category of wine
(liquor, whiskey and other spirits; beer; fruit or rice wine)

0.8191 [0.7684, 0.873] 8.86e–10***

Note. Assign the numerical values to the above classification levels in order from small to large. CI = confidence interval.
“*”,“**” and “***” represent the significance of 0.1, 0.05 and 0.01 respectively.

Table 5. Cox Results of Factors From Retirement and Pension.

Retirement and pension

Factor eβ 95% CI of eβ p value

Social work age 1.003 [1, 1.006] .0403*
Duration of receiving a pension 1.007 [1.003, 1.011] .00106**
Type of jobs
(government; institution; NGO; firm; individual firm; farmer; 

individual household; no job)

0.9165 [0.872, 0.9633] .000606***

Type of pension
(pension program of the government; pension program of staffing of 

government affiliated institutions; pension insurance of the firms)

1.002 [0.9458, 1.061] .953

Note. Assign the numerical values to the above classification levels in order from small to large. CI = confidence interval.
“*”,“**” and “***” represent the significance of 0.1, 0.05 and 0.01 respectively.
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intake of alcohol can accelerate arteriosclerosis and 
induce hypertension (Lu & Zhong, 2008). However, 
smoking, daily activity, and the habit of eating and sleep-
ing are not significant risk factors, which is out of our 
expectation.

Factors from retirement and pension, like the social 
work age, the time of receiving pension, and the type of 
job, significantly contribute to the onset of hypertension. 
The longer time people work, the greater the possibility 
of suffering from this disease they will have. In addition, 
the longer the time of receiving pension (whatever the 
type of pension) is and the more stable the job is, the 
lower the risk of the hazard exists. That’s to say, a stable 
working environment and a good economic condition 
could probably reduce the risk of hypertension.

Shortly to sum up, gender, place of residence, educa-
tional background, category of wine, time as a drinker, 
the frequency of drinking, social work age, duration of 
receiving a pension, and type of work are verified as risk 
factors for hypertension. The results address the fact that 
drinking may pose a great threat to people’s health due 
to its high risk for causing hypertension and the policy 
related to pension deserves to be considered carefully by 
the policy makers.

However, we only apply univariate Cox regression to 
test the relationship between the suspected factors and 
hypertension. The results don’t mean that all the signifi-
cant factors influence the onset of hypertension indepen-
dently. That’s to say, the confounding and interaction 
between these factors should be adjusted and assessed 
by multivariate regression in our future work.

Conclusion

Although prevalence and incidence are both important 
for describing the onset of a chronic disease, they con-
vey different information. Based on the data in 2013 
from CHARLS, we make an empirical analysis of the 
distribution of hypertension in the elderly population in 
China by the PIE method and determined which factor is 
risky for hypertension. We find the following:

1. The age range of 45 to 49 years is a high-risk 
period for hypertension, and the annual inci-
dence rate declines with age.

2. The annual incidence of hypertension is esti-
mated to have significant gender differences 
after age of 45 years, with a higher incidence in 
women than in men.

3. With the change of the starting point of the 
observation, the annual incidence rates and 
cumulative incidence rates of younger people 
increases significantly, indicating that recently 
the onset of hypertension shows a trend at 
younger age. As for cumulative incidence esti-
mations, they imply that for Chinese elderly, 
developing hypertension during their life span 
has almost become an inevitable event.

4. The status of drinking, pension, education, and 
some demographical factors like gender were 
verified to influence the onset of hypertension. 
This may provide new ideas for the country to 
formulate health policies, rationally allocate 
health resources, and further promote interdisci-
plinary research on China’s aging problem.

Study Limitations

There are also some limitations in this study. First, we 
consider the diagnosis year of hypertension as the year of 
onset. In other words, we acquiesce that the individual 
seeks medical treatment immediately when they are 
diagnosed. However, in reality, people will ignore some 
early symptoms because they lack understanding of the 
disease, and do not seek medical treatment until they are 
completely ill, which makes the estimation of the inci-
dence deviating from the actual incidence. Hypertension 
is called a “silent killer” because of its asymptomatic 
nature. Thus, it has been estimated that between a third 
and a half of hypertensive patients remain undiagnosed, 
indicating the need for better screening. Second, because 
the sample size is small, the factor analysis results from 
the regression method will be too dependent on the data 
and will be distorted. In a future study, we will consider 
the bootstrap method to expand the sample size and 
then build a model based on the concept of a neural 
network to determine the factors affecting the onset of 
hypertension.
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