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people with hypertension: a 10-year
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Abstract

Background Older people with hypertension may have more complex multisystem problems and a higher risk of
morbidity and mortality. We aimed to examine the association of cognitive impairment (Cl) and diabetes mellitus
(DM) on all-cause mortality in the aged with hypertension (HTN).

Methods This is a prospective cohort study with a sample of 1017 older people with hypertension aged 60 years or
older who completed baseline examinations in 2009-2010 and followed up for ten years in 2020. The endpoint was
death from any cause. Subjects were categorized as HTN only, HTN + DM, HTN + Cl, and HTN + DM+ Cl. Cox regression
model was used to determine the association of comorbidities on all-cause mortality.

Results During the 10-year follow-up period, 196 deaths occurred. After adjusted for covariates, risk of death from
any cause was significantly increased in the older people with increased comorbidities (P=0.003). Compared with the
HTN only, with HTN +Cl, and HTN+ DM+ Cl, the HRs (95% confidence intervals) for all-cause mortality were 1.61(1.13—
2.30) and 1.79(1.07-2.99), respectively. In stratified analyses, the relationship between comorbidities level and the risk
of all-cause mortality persisted.

Conclusion All-cause mortality risks increased with increasing the comorbidities. This study emphasizes the
importance of comprehensive management of the older people with HTN in clinical practice and public health policy.
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Introduction
Comorbidities refer to a disease or other pathological
process that occurs simultaneously with another, the
extent to which two diseases occur together in the same
population, which is characteristic of the older people [1,
2]. Comorbidities have a significant impact on the health
of the older people and have a high incidence [3]. 65% of
older adults have comorbidities, and 43% of older adults
have three or more chronic conditions in the United
States [4]. In Germany, 62% have three or more chronic
problems [5]. Increased use of medical resources by older
persons with comorbidities is common [6].
Hypertension, diabetes mellitus, and cognitive impair-
ment are common problems in the older people, their
prevalence increases with age, and they are important
risk factors for cardiovascular morbidity and mortality
[7-10]. These three situations often coexist. It is a man-
agement problem for the relevant practitioners. At pres-
ent, in the health management of the older people, the
management of chronic diseases is primarily single and
fragmented. Multiple chronic problems are superim-
posed, and the focus of intervention is not prominent.
They neglected geriatric problems and functional sta-
tus, ignored the overall treatment of health problems,
and lacked a unified plan and technology for managing
comorbidities in the older people. Treatment guide-
lines for a single disease are often derived from studies
in non-comorbid populations. Therefore, elucidating the
extent of the cumulative association of the comorbidi-
ties of HTN on risk may contribute to the development
of approaches to managing comorbidities in older adults.
Our study was derived from the older people hyperten-
sive samples from Wanshou Road, Beijing. The study
investigated the relationship between the comorbidities
in hypertension and all-cause mortality.

Methods

Study population Our study program and sampling have
been described previously [11-13]. In short, the subjects
were all from a community cross-sectional survey of
people aged 60 and over in Wanshou Road Community,
Haidian District, Beijing, from September 2009 to June
2010. A total of 2,162 subjects (female: 60.1%) completed
the survey. Among them, 1167 hypertensive subjects were
identified and thoroughly examined. HTN was defined
as having systolic blood pressure (SBP) 140 mmHg or
greater, diastolic blood pressure (DBP) 90 mmHg or
greater, or taking medication for hypertension [14]. DM
refers to fasting blood glucose>7.0 mmol/L after fasting
for more than 8 h or the 2-h plasma glucose value after
a 75-g oral glucose tolerance test=11.1 mmol/L or blood
glucose>11.1 mmol/L at any time or diabetes diagnosed
by a doctor [15]. In this study, a mini-mental state exami-
nation (MMSE) score>27 was classified as positive cogni-
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tive function, while an MMSE score<27 was considered as
CI [16]. Of 1167 hypertensive subjects, 150 participants
were excluded for loss of follow-up. We included subjects
with HTN only as a reference group (excluding those
diagnosed with DM and/or CI) and divided them into the
following four categories:

1. HTN only (reference group).

2. HTN+DM

3. HIN+CI

4. HTN+DM +ClI

The study protocol was reviewed and approved by the
ethical committees of the Chinese PLA General Hospital.
The research procedures followed the ethically normative
criteria. Written informed consent was acquired from all
subjects.

Outcomes Details of the follow-up in this study have
been described in previous studies [12, 17]. Briefly, the
end point of this study was death from any cause. Follow-
up ended in Dec.2020, and survival was defined as the
number of months from recruitment to death or the end
of observation (Dec. 31, 2020). Vital status information
was obtained through telephone interviews with family
members or other caregivers. The subjects’ identities were
verified by information such as name, age, and sex.

Data collection The researchers assessed participants’
demographic characteristics, including demographic
factors, medical history, and lifestyle, through face-to-
face interviews using standard questionnaires. Lifestyle
includes drinking and smoking. Alcohol consumption
and smoking were considered dichotomous variables for
never/former and current. Cognitive functions of all indi-
viduals were performed using the Chinese MMSE, which
was adapted from the original English MMSE, adapted
to China’s cultural background, and validated in previous
studies based on the Chinese population [18]. Blood pres-
sure was measured according to standardized protocols.
Two blood pressure recordings (5-min intervals) were
obtained from participants’ right arms in a sitting posi-
tion after 30 min of rest. The blood pressure was mea-
sured using a sphygmomanometer, and the average of the
two was used for analysis. Fasting blood samples were
taken from all subjects in the morning (after fasting for at
least 12 h). An automatic biochemical analyzer measured
serum lipids, glucose, routine blood tests, and creatinine.
All biochemical analyses were performed in the Chinese
PLA General Hospital Department of Biochemistry.

Statistical analysis

Descriptive analyses were used to report baseline char-
acteristics of participants in four categories based
on the level of multimorbidity. Continuous variables
were reported as meanzstandard deviation (SD) and
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categorical variables as percentages. Subjects are cat-
egorized as follows: (1) HTN only (reference group),
(2) HIN+DM, (3) HIN+CI, (4) HTN+DM+CI. Base-
line characteristics between subjects in different groups
were compared using the x2 test and analysis of variance.
Cox proportional hazards models were used for estimat-
ing the association between risk of all-cause mortality
and comorbidities, estimating HRs and 95% confidence
intervals. We developed three models which adjusted
for potential confounders. Model 1: unadjusted; Model
2: adjusted for sex, age; Model 3: adjusted for age, sex,
SBP, DBP, total cholesterol (TC), high-density lipoprotein
(HDL-C), low-density lipoprotein cholesterol (LDL-C),
triglycerides (TG), serum uric acid (SUA), Serum cre-
atinine (Scr), smoking, alcohol drinking, coronary heart
disease (CHD), stroke, dyslipidemia, activities of daily
living(ADL) scores, and baseline medication: aspirin, cal-
cium channel blockers (CCB), beta-blocker, angiotensin
converting enzyme (ACE) inhibitor, angiotensin receptor
blocker (ARB). Subgroup analyses were stratified by sex
(male or female), and age (<75 or 275 years). All statis-
tical tests were 2-sided, with P<0.05 considered statisti-
cally significant. All analyses were performed using the
statistical software packages statistical package for the
social sciences (SPSS) (version 26.0).
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Results

Baseline characteristics Among the 2162 samples, 1167
were older people with hypertension, 150 were lost to fol-
low-up, and 1017 were finally included in the study.
Table 1 shows the baseline characteristics of the older
people with HTN categorized according to their comor-
bidity status: a total of 523 subjects were diagnosed with
HTN only (51.4%), 154 (15.1%) had HTN+DM, 263
(25.9%) had HTN+CI, and 77 (7.6%) had HTN+ DM +CI.
Compared with HTN only, HTN+DM+CI tend to
have higher age, SBP, FPG, a higher prevalence of CHD,
stroke, dyslipidemia, and lower HDL-C and ADL scores.
There were no significant differences in DBP, TG, LDL-
C, Scr, smoking status, drinking status, and application of
beta-blockers.

Association between comorbidities and all-cause
mortality Among 1017 participants (37.8% males), the
median follow-up time was 10.8 years (1.0 to 11.3 years),
and 196 deaths occurred. The cumulative incidence of
death during follow-up was 13.9%. Figure 1; Table 2 show
the association of comorbidities on all-cause mortality.
For all models, no significant difference in HTN+DM.
Univariate analysis (model 1), after adjustment for age
and sex (model 2), and further for SBP, DBP, TC, HDL-C,

Table 1 Baseline demographics by combinations of comorbidities in older people with hypertension

Characteristics HTN only HTN +DM HTN+Cl HTN+DM+Cl P-value
N 523 154 263 77
Age (years) 70.71+£6.76 70.02+6.03 7423+6.32 73.92+4.61 <0.001
Males (%) 222(42.4) 61(39.6) 78(29.7) 23(29.9) 0.002
SBP (mmHg) 140.05+1649 143.18+17.81 145.45+21.55 147.08+22.33 <0.001
DBP (mmHg) 77914922 78.55+9.65 78.63+10.50 7883+11.53 0.698
FPG (mmol/L) 5.72+0.92 7.18+1.70 579+£1.07 8.07+281 <0.001
TC (mmol/L) 525+1.01 5.06+1.05 537+1.03 5.15+1.00 0.023
TG (mmol/L) 1.74+0.88 1.74+0.89 1.70+£0.82 193+£1.23 0.284
HDL-C (mmol/L) 1.39+£0.39 1.32+0.35 143+0.36 1.27+£0.30 0.001
LDL-C (mmol/L) 3.25+087 3.11+£0.88 330+0.86 3.14+0.76 0.132
SCr (umol/L) 76.04+23.59 72.60+2042 7536+28.76 74.22+24.64 0487
SUA(umol/L) 325.88+94.50 32224+83.39 313.25+93.64 296.35+84.96 0.036
Smokers (%) 144(27.5) 46(29.9) 92(35.1) 25(32.5) 0.175
Drinkers (%) 131(25.0) 33(214) 57(21.7) 14(18.2) 0439
CHD, n (%) 149(28.5) 62(40.3) 73(27.8) 28(364) 0018
Stroke, n (%) 69(13.2) 29(18.8) 54(20.6) 21(27.3) 0.003
Dyslipidemia, n (%) 172(33.0) 67(43.8) 54(20.6) 30(39.0) <0.001
ADL scores, n (%) 99.50+3.50 99.48+4.25 97.68+9.73 96.17+881 <0.001
Baseline medication, (%)
Aspirin 150(28.8) 61(39.9) 71(27.3) 29(37.7) 0018
CCB 321(61.6) 102(66.7) 140(53.4) 47(61.8) 0.042
Beta-blocker 75(14.4) 22(14.4) 35(134) 12(15.8) 0.955
ACE inhibitor 62(12.0) 19(12.3) 14(5.3) 8(10.8) 0.026
ARB 73(14.0) 34(22.1) 22(8.5) 13(17.1) 0.001

Abbreviations: HTN, hypertension; Cl, Cognitive Impairment; SBP, systolic Blood pressure; DBP, diastolic blood pressure; FPG, fasting plasma glucose; TC, total
cholesterol; HDL-C, high-density lipoprotein; LDL-C, low-density lipoprotein cholesterol; TG, Triglycerides; SUA, serum uric acid; Scr, Serum creatinine; CHD, Coronary
heart disease; ADL, activities of daily living; CCB, calcium channel blockers; ACE, angiotensin converting enzyme; ARB, angiotensin receptor blocker
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Fig. 1 Cox proportional hazards after adjusted for age, sex, SBP, DBP, TC, HDL-C, LDL-C, TG, SUA, SCr, smoking, alcohol drinking, CHD, stroke, dyslipidemia,
ADL scores, and baseline medication (aspirin, CCB, beta-blocker, ACE inhibitor, ARB)

Table 2 Cox regression analyses for the association of comorbidities on all-cause mortality

HR (95% confidence intervals)

Model 1 P-value Model 2 P-value Model 3 P-value
HTN only 1 (References) 1 (References) 1 (References)
HTN+DM 1.03(0.66-1.64) 0.902 1.18(0.74-1.88) 0.501 1.20(0.74-1.94) 0462
HTN+Cl 2.12(1.54-2.93) <0.001 1.66(1.20-2.31) 0.002 1.61(1.13-2.30) 0.009
HTN+DM+Cl 2.64(1.69-4.12) <0.001 1.94(1.24-3.04) 0.004 1.79(1.07-2.99) 0.026
P for trend <0.001 <0.001 0.003

Values are HRs (95% confidence intervals)

Abbreviation: HR, hazard ratio; HTN, hypertension; Cl, Cognitive Impairment
Model 1: Unadjusted;

Model 2: Adjusted for sex, age;

Model 3: Adjusted for age, sex, SBP, DBP, TC, HDL-C, LDL-C, TG, SUA, SCr, smoking, alcohol drinking, CHD, stroke, dyslipidemia, ADL scores, and baseline medication

(aspirin, CCB, beta-blocker, ACE inhibitor, ARB)

LDL-C, TG, SUA, Scr, smoking, alcohol drinking, CHD,
stroke, dyslipidemia, ADL scores, and baseline medication
(aspirin, CCB, beta-blocker, ACE inhibitor, ARB) (model
3), the HRs for all-cause mortality remained progressively
increased across HTN+CI and HTN+DM+CI. Specifi-
cally, compared with HTN only, HTN+CI increased the
probability of all-cause mortality (HR 1.61, 95% confi-
dence interval 1.13-2.30), as did the HTN+DM+CI (HR
1.79, 95%confidence interval 1.07-2.99).

Subgroup analyses for association between comorbid-
ities and all-cause mortality We conducted a stratifica-
tion analysis of the relationship between comorbidities
and all-cause mortality. As shown in Fig. 2, in female
stratification, the HTN+CI and HTN+DM+CI were
significantly associated with increased all-cause mor-
tality risk after adjustment for several covariates. How-
ever, the association was not significant in men. For<75
years, association with comorbidities was significant in

HTN+DM+CI patients. For 275 years, the association
between HTN +CI and all-cause mortality was significant.

Discussion

The present study examined the association between
comorbidities and all-cause mortality of HTN in the
older people. To explore the relationship between comor-
bidities and all-cause mortality, we established a logis-
tic regression sequential model and gradually added the
confounding variables to be adjusted. These confounding
variables were identified by careful screening. We refer to
previous high-quality papers in related fields, summarize
the confounding factors corrected in these literatures,
and adjust them as alternative solutions. After we have
determined the confounders that need to be adjusted and
alternative, we can make the final confirmation of alter-
native confounders through the results of univariate anal-
ysis. Variables with statistical significance (P <0.05) were
included in subsequent models for analysis. This study
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Fig. 2 Subgroup analyses for association between comorbidities and all-cause mortality

indicates that comorbidity in older people with hyperten-
sion increases the risk of all-cause mortality by 61-79%.
In stratified analyses, the relationship between comorbid-
ities and the risk of all-cause mortality persisted, particu-
larly significant in females.

As the older people population increases, the num-
ber of patients with chronic diseases also increases [19].
Chronic disease coexistence refers to the coexistence of
two or more chronic diseases in one individual, which
is common in the older people over 60 years of age [20].
With the increase of age, the elasticity of the blood vessel
wall decreases, and the body’s sensitivity to insulin hypo-
glycemia decreases. In addition, chronic diseases such
as HTN and DM increase significantly under various
unhealthy lifestyles, which plays a vital role in develop-
ing CI and poses a severe threat to human health [21, 22].
Studies have found potential links between high blood
pressure and various chronic diseases [23]. HTN and DM
are risk factors for CI [24]. The pathogenesis of HTN,
DM, and CI is still unclear. On the one hand, it may be
related to vascular damage caused by diseases, such as
cerebral arteriosclerosis and cerebral energy metabo-
lism disorders caused by HTN and DM, and cerebral
microvascular lesions affect cognitive function to vary-
ing degrees. This chronic process eventually leads to CI
[25, 26]. On the other hand, it may be related to vascular

endothelial injury and impaired insulin conduction [27,
28].

Several studies have demonstrated an association
between CI and an increased risk of all-cause mortal-
ity [29-33]. This study showed that HTN with CI had a
significantly higher mortality risk. Multiple chronic dis-
eases co-existing with HTN in the older people can exist
independently and interact with each other, ultimately
leading to the occurrence and development of CI. In the
older people hypertensive population, it is suggested that
preventing HTN complicated by multiple chronic vas-
cular diseases and optimizing the management of HTN
comorbidity are particularly important for protecting
the cognitive function and prognosis of the older people
hypertensive population.

In addition, this study found that the relationship
between comorbidities and the risk of all-cause mortality
in older female with hypertension appeared to be signifi-
cant but not in male. We further calculated their effect
size to be 0.11, indicating a small degree of difference.
Previous studies have found that females had a higher
prevalence of comorbidities than males [34, 35]. This
phenomenon is usually associated with women being
more sensitive to their own health [34], and may also be
due to relatively few male cases in the study.

In 2012, the American Geriatric Society (AGS) pro-
posed guidelines for managing comorbidity in the older
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people, which comprehensively address comorbidity
from individuals willingness, clinical evidence, life expec-
tancy, feasibility, and benefits of the program [36]. In
2017, the National Institute for Health and Care Excel-
lence (NICE) issued guidelines for the clinical assess-
ment and management of comorbidities in the older
people, which manage comorbidities from the aspects
of identifying risk groups, judging the impact of comor-
bidities, assessing frailty, managing multiple medications,
and improving quality of life [37]. Therefore, how to bet-
ter manage the older people with HTN comorbidity still
needs more clinical research data.

The database used in this study was a nationally rep-
resentative community-based cohort of the older people
with HTN. Despite the difficulty of collecting data, few
participants are lost to follow-up. Moreover, our study
was prospectively designed and followed for ten years.
The study has some limitations. Firstly, the proportion
of men to women in the study was uneven, with fewer
men than women. Future studies may need to expand the
number of male participants. Secondly, the study only
included participants who were aged>60 years people
with hypertension. But on the other hand, this population
was more susceptible to have comorbidities and easily to
observe the trend happened, so as to take early preven-
tion actions. Finally, comorbidities contain multiple dis-
eases. This study only carries out systematic studies on
HTN, DM, and CL In the next step, comorbidities stud-
ies with larger sample size and more comprehensive pro-
spective studies involving chronic diseases are required.

Conclusion

The combination of DM and CI was associated with an
increased risk of mortality in the older Chinese peo-
ple with hypertension. In order to better manage the
older people with HTN comorbidities, it is necessary
to achieve comprehensive management suitable for the
aged comorbidities in medical institutions of different
levels through medical staff training and individualized
continuous diagnosis and treatment.
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