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Background: With growing concerns about global population aging, comorbidity, and disability have emerged as key variables that influence the health of the older adults in terms of disease and function. This study sought to examine the impact of comorbidity and impairment using disease and functional status indicators of all-cause mortality in the older adults. Hypertension, which was chosen as the indicator chosen for disease, has the greatest prevalence in the older population. A total of 15 self-reported chronic conditions were added as indicators of comorbidity, and grip strength was chosen as a measure of functional status. The study also evaluated the association between grip strength and comorbidity, as well as its consequences on all-cause death and survival in a hypertensive senior population.

Methods: We chose a total of 2,990 hypertensive participants aged ≥60 years whose data for grip strength were collected in the National Health and Nutrition Examination Survey conducted between 2011 and 2014. The association of all-cause death with grip strength and comorbidity was examined using a Cox proportional hazard regression model. The interaction between comorbidity and all-cause mortality, as well as its association with grip strength, was also examined.

Results: The hazard ratio [95% confidence intervals (CIs)] for all-cause mortality in the highest grip strength tertile was 0.266 (0.168–0.419), compared to the lowest grip strength tertile. The all-cause mortality decreased with an increase in the number of co-morbidities [2.677 (1.557–4.603) in the group with ≥3 chronic diseases]. The weighted generalized model revealed a negative correlation between grip strength and comorbidities in more than three groups after accounting for all possible variables (β = −2.219, −3.178 ~ −1.260, p < 0.001). The risk of mortality reduced with increasing grip strength in patients with ≥3 comorbidities (p-value for trend <0.05), but no meaningful difference was found in the interaction between comorbidities and grip strength (p-value for interaction >0.05).

Conclusion: In older hypertension patients, grip strength and comorbidities were correlated with all-cause death, and there was a negative correlation between grip strength and comorbidities. Higher grip strength was associated with fewer fatalities in patients with ≥3 comorbidities, suggesting that functional exercise can improve the prognosis of comorbidities.
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1. Introduction

As global aging accelerates and average life expectancy rises, disability and comorbidities have grown in importance, raising concerns for global health care (1). The US Department of Health and Human Services (DHHS) defines comorbidity as a medical condition involving two or more conditions that have each lasted more than a year. In developed countries, the prevalence of comorbidity in senior people aged 65 and older is >60% (64.75% in the US), and more than half of the older adults have more than three chronic conditions (2, 3). Comorbidities in older adults patients result in more complex diagnoses and treatments.

The number of adults living with cardiovascular disease (CVD) in old age is increasing with the aging population, and so is the number of older adults susceptible to CVD as a normal physiological change of aging. Reportedly, more than 70% of adults have CVD by the age of 70, and more than two-thirds have non-CVD comorbidities (4). Comorbidities are common in the older adults, particularly those having CVD. Further, the functions of human body organs gradually slow down with age, due to a variety of chronic diseases that are prone to geriatric syndrome, which not only reduces independent living ability but can even render people disabled. According to the Centers for Disease Control and Prevention Disability and Health Database, the disability rate among people aged 65 and older in the United States reached 42.3% in 2017. The current clinical care regimen is largely based on clinical practice guidelines for disease diagnosis and treatment, as well as management and decision-making. To evaluate the value of a specific treatment, the majority of randomized controlled trials (RCTs) enroll a reasonably homogeneous sample for a particular disease. Patients with multiple diseases are frequently excluded on purpose. Studies involving cardiovascular RCTs majorly focus on cardiovascular adverse events, which may be less helpful than studies that evaluate the overall benefit of treatment in older patients, such as loss of physical and cognitive function or health-related lifetime treatment (5).

Grip strength is a simple, non-invasive measure of muscle strength and function that has been linked to a variety of age-related health problems, including disability. Reduced grip strength has been shown to predict premature death and disability (6). Therefore, grip strength is a clinically viable tool for screening health status during the process of aging. In several prospective studies, grip strength was found to be inversely related to CVD, etiology-specific mortality, and all-cause mortality outcomes (7–9). In a cross-sectional study of Chinese individuals over the age of 50, reduced grip strength was significantly linked to a higher incidence of 12 and 8 chronic diseases in men and women, respectively (10). The results of the Kara-Age study in Germany showed an independent negative association between grip strength and morbidity in older women (11). In most of these studies, the association of grip strength with comorbidities and all-cause mortality in CVDs remains unclear. Given the high prevalence of hypertension in the global population, the primary goal of our cross-sectional study was to evaluate the association of grip strength with comorbidities and all-cause mortality in a hypertensive population. We also wanted to investigate if the presence of comorbidity in individuals with different grip strength levels affects the survival outcome, by studying the relationship between function and disease in older people with CVDs.



2. Materials and methods


2.1. Study population

The data for this study was provided by the National Health and Nutrition Examination Survey (NHANES), a periodic cross-sectional survey of the U.S. population. The survey used a complex, multi-stage probability sampling method to obtain a nationally representative sample of about 5,000 people per year. The sample design consisted of four stages of multi-year, hierarchical, and clustering samples, with data being released every 2 years. The survey was conducted by the National Centers for Health’s Board of Approval Statistics and Institutional Review. Informed consent was obtained from all study participants (12, 13).

A flow chart of the study sample selection process is displayed in Figure 1. Our study included a total of 19,931 participants. Of these, we chose participants with hypertension who were 60 years or older, while excluding those under 60. The final sample group for analysis consisted of 3,525 hypertension patients aged ≥60 years. Those aged ≥60 years and diagnosed with hypertension were eligible for this study if they met any of the following criteria: (1) In response to the interview question, “Have you ever been told by a doctor or other healthcare provider that you have high blood pressure?” The answer was “yes;” (2) In response to the interviewer’s question, “Do you use blood pressure medication?” The answer was “yes”; and (3) Patients whose mean blood pressure was >140/90 mm Hg and had their blood pressure measured at least three times on different days.
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FIGURE 1
 Flowchart of the research sample selection process.




2.2. Grip strength

Grip strength was measured using a dynamometer (Takei Digital Grip Strength Dynamometer, Model T.K.K.5401; Takei Scientific Instruments Co. Ltd. Niigata, Japan). The participants were instructed to stand and use one hand to exert as much force as they could on the dynamometer. Each hand was tested three times, with a gap of 60 s elapsing between measurements on the same hand. Grip strength (in kg) was calculated as the mean of left and right hands (7). A total of 2,995 participants were finally selected after excluding 98 participants whose values were missing values, 331 participants whose grip strengths could not be measured, and 101 participants who only had one hand grip strength. Grip strength was considered to be a continuous variable, which was divided into three groups (Tertile 1: <23.4 kg, Tertile 2: 23.4–31.9 kg), and Tertile 3: >31.9 kg) based on the grip strength tertile 23.4 kg and 31.9 kg.



2.3. Physical comorbidities

We used data on 15 self-reported chronic diseases, including angina, arthritis, asthma, chronic bronchitis, congestive heart failure, coronary heart disease, diabetes, emphysema, gout, liver disease, myocardial infarction, stroke, thyroid disease, and kidney disease. Participants were classified as having various comorbidities if they answered “yes” to this question. The total comorbidities for each participant were individually calculated and divided into four groups namely, “none,” “one,” “two,” and “three or more.”



2.4. Covariates

The covariates included age, sex, race (white, Mexican American, black, and others), an education level (above high school, high school graduate/General Educational Development (GED), and below high school), citizenship status (married/living with a partner, single, divorced/separated, and widowed), poverty income ratio (PIR), smoking status (never, former, and present), alcohol consumption (<12 drinks per year or ≥ 12 drinks per year), health insurance status (insured and uninsured), body mass index (BMI), and waist circumference (cm).



2.5. Outcome

All-cause mortality, as determined by the National Death Index (NDI), was considered the primary outcome variable. NDI is one of the reliable resources that is widely used in death identification. The cause of death was classified as per the International Classification of Diseases, CD10.




3. Statistical analysis

The statistical analysis was conducted using R Studio (4.2.0, US). We applied proper weights based on the NHANES complex sampling design to ensure that they were representative of the entire U.S. population. Continuous and categorical variables were expressed as the weighted average (standard error) and weighted percentages, respectively. The one-way analysis of variance (ANOVA) test and Kruskal Wallis test were used to analyze the statistical significance of the weighted categorical variables and continuous variables, respectively.

To evaluate all-cause mortality during follow-up, we constructed the cumulative Kaplan–Meier curves based on specific categories of grip strength and commodities. The log-rank test was used to determine whether differences in subgroups were statistically significant. The Cox-proportional risk model was used to analyze the relationship between grip strength, comorbidity, and all-cause mortality. Three different models were constructed using the multivariate Cox regression model: model 1 was adjusted for none; model 2 was adjusted for sex, age, and ethnic; and model 3 was adjusted for all covariates in model 2 along with education level, marital status, insurance status, PIR, BMI, waist circumference, smoking status, and alcohol consumption. The weighted generalized linear regression model was used to investigate the relationship between grip strength and comorbidity, and their linear relationship was discussed while controlling for covariables. A stratification analysis was conducted to examine the relationship between grip strength and all-cause mortality in different comorbidity groups and the interaction between grip strength and comorbidity with all-cause mortality. All statistical analyses had a two-sided p-value threshold for significance.



4. Results

Table 1 shows the weighted characteristics of the participants by tertile of grip strength. Overall, significant differences were noted in the age, sex, BMI, waist circumference, ethnic, marital status, education level, PIR, smoking status, alcohol consumption, and total comorbidities of the grip strength tertile groups (p < 0.05).



TABLE 1 Participants’ characteristics by tertile of grip strength.
[image: Table1]

Figure 2 depicts the survival curve of grip strength and comorbidity. Grip strength was inversely correlated with all-cause mortality, with a 5.8% reduction in the probability (p < 0.0001) of mortality risk for every 1 SD increase in grip strength. This negative correlation persisted even after multivariate correction (Table 2). When using grip strength was used as a categorical indicator from Cox regression estimates, the mortality risks in tertile 2 and tertile 3 groups decreased by 48.1% (95% CI, 0.427–0.632) and 60.2% (95% CI, 0.294–0.539), respectively, as compared to the overall risk of mortality in the tertile 1 group. This trend continued even after the multivariable adjustment analysis (Table 2). The risk of death increased gradually with increasing comorbidities in the model group irrespective of full adjustments (Table 2).



TABLE 2 Associations of the grip strength and Comorbidities with all-cause mortality, respectively.
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FIGURE 2
 Association of grip strength (A) and comorbidities (B) with all-cause mortality, respectively.


Table 3 shows the correlation between grip strength and comorbidities in the three weighted generalized models. Grip strength and multiple comorbidities had a significant linear negative correlation, but a significantly stronger negative correlation between grip strength and ≥3 comorbidities group (β = −2.219, −3.178~ −1.260, p < 0.001) was observed after multivariable adjustment (Model 3; Table 3).



TABLE 3 Weighted generalized linear regression analysis of the relationship between grip strength and Comorbidities.
[image: Table3]

Table 4 shows the correlation between grip strength and mortality, stratified by comorbidities, using the lowest grip strength as the reference group. Grip strength and comorbidities showed no statistically significant associations with mortality. Interestingly, in individuals with ≥3 comorbidities, increasing grip strength decreased the likelihood of death (p for trend = 0.04).



TABLE 4 The association between grip strength and all-cause mortality by Comorbidities.
[image: Table4]



5. Discussion

With an increase in the globally aging population, the health of the older adults is the most pressing issue in an aging society. From the standpoint of disease and function, comorbidity and disability are two of the crucial factors that affect the health of older people. The World Health Organization (WHO) released the International Classification of Functioning, Disability and Health (ICF), which is a framework that provides a detailed model for functional health and the relationship between disease symptoms and participation constraints (14). This study attempted to investigate the effects of two disease and functional status indicators, namely comorbidity and disability, on all-cause mortality in the older adults. Hypertension, which has the highest incidence among seniors, was selected as the indicator of the disease, and 15 self-reported chronic diseases were included as indicators of comorbidity; grip strength was chosen as the measurement index for assessing functional status. We, therefore, analyzed the relationship between grip strength and morbidities, and also studied their effects on all-cause mortality in an aged hypertensive population. The findings revealed that grip strength and comorbidities were related to all-cause mortality in an older hypertensive population, but the association of grip strength with mortality was not moderated by the number of comorbidities. The stratified analysis revealed that participants with more than three comorbidities who had higher grip strengths exhibited lower mortality rates.

Grip strength has a dynamic relationship with age. Grip strength is known to increase with age, peaking in adulthood. However, with increasing age, degenerative changes in body functions lead to a decline in grip strength. Our findings are consistent with previous research that found a link between grip strength and all-cause mortality, suggesting that decreased grip strength is associated with a higher risk of mortality (15–17). A meta-analysis of 38 studies involving 1,907,580 participants and 63,087 mortality cases used grip strength as a predictor for muscle strength and found that higher levels of grip strength were associated with a lower risk of all-cause mortality, where the association was slightly stronger in women (18). These results have been backed up by numerous prospective studies. For instance, a prospective cohort study which included data from the Survey of Health, Aging, and Retirement in Europe (2004–2017) revealed a negative correlation between CVD and grip strength in the middle-aged and older population (19). Similarly, a prospective study involving 502,293 participants aged 40–69 years from the UK Biobank discovered that higher all-cause mortality was associated with poor grip strength in both men and women. The majority of the participants in these studies, however, belonged to the general population (8, 16, 18). Our study provided evidence to support the association between grip strength and all-cause mortality in older people with hypertension. In this study, we used data from the NHANES database and found that grip strength was negatively associated with all-cause mortality in 2,990 hypertensive people aged >60. Here, grip strength was included as a continuous variable and the association was found after adjusting for hypertension (age, sex, race, BMI, and waist circumference), lifestyle (smoking and alcohol consumption), and socioeconomic (education, insurance, and PIR) -associated factors. After classifying grip strength into three groups, the older hypertensive patients in the low grip strength group were found to have a significantly lower survival rate than those in the high grip strength group. This suggests that grip strength can be used as a simple and practical predictor of survival in older hypertensive patients, and that increasing grip strength might lower all-cause mortality in older hypertensive patients.

This study proposed that grip strength is associated with mortality in older people with hypertension, where grip strength is a functional indicator that represents the intrinsic capacity of the older population. As the link between grip strength and comorbidity remains unknown, multiple studies have attempted to understand this association. According to Amy M.’s analysis of grip strength and comorbidity involving participants aged >50 years from the United States, grip strength gradually declined in adults with chronic diseases with multiple comorbidities, especially if the person had three or more chronic diseases (20). According to a cross-sectional study involving middle-aged and older community-dwelling adults using nationally representative data from six low- and middle-income countries, poor handgrip strength is associated with multiple chronic physical conditions and comorbidities (21). In a cross-sectional cohort of 1,145 subjects aged 50 and older from Hong Kong, multivariable-adjusted handgrip strength significantly decreased with the number of chronic diseases in men (p trend = 0.001) but had a marginally lesser effect in women (p trend = 0.06) (10). We are not aware of any studies that have been conducted on the relationship between grip strength and disease-specific comorbidity. In this study, the 15 self-reported chronic diseases from the database were chosen as comorbidity measures. In older people with hypertension, grip strength, and comorbidity were found to be linearly correlated. The presence of three or more diseases was significant after accounting for potential biological factors (including age, gender, and ethnicity), lifestyle choices, and socioeconomic factors.

There has been little research into whether functional and disease indicators have an impact on the survival of the older adults. This study did not find any interaction between the two parameters and the survival outcomes. However, stratified analysis revealed that grip strength had a stronger impact on the survival of patients with comorbidities, and enhancing grip strength could reduce mortality in hypertensive patients with more than three comorbidities. Rub’en et al. used marginal structural models (MSM) to provide a causal estimation of the association of hand grip strength with all-cause and cardiovascular mortality in a representative sample of adults aged 50 years or older. They found that these associations warranted promoting muscle-strengthening activities in adults and older adults, particularly those with pre-existing comorbidities (22). We, therefore, propose that older persons, especially those with multiple disorders, be encouraged to strengthen their muscle strength during exercise.

In the Global Report on Aging and Health, the WHO stated that healthy aging is the process of developing and maintaining the functions required for the older adults to live a healthy life. The synthesis of an individual’s intrinsic abilities and environmental characteristics, as well as their interaction, is defined as functional play. The five domains, namely locomotion, vitality, cognitive, psychological, and sensory can be used to evaluate these intrinsic abilities. Grip strength testing has proven useful for predicting physical and cognitive decline in older adults, both of which are crucial aspects of intrinsic capacity building (23). Furthermore, Ramirez-Velez R et al. demonstrated that the magnitude of grip strength significantly impacts intrinsic ability in the older adults. Poor grip strength in older people increases the risk of mental illness and contributes to cognitive decline, which reduces their intrinsic ability (24). Our next study will focus on investigating the correlation between grip strength and intrinsic ability in older people with hypertension.

This study has several limitations that are determined by its data source. First, because this was a cross-sectional study, it could not establish a direct causal link between grip strength, comorbidities, and all-cause mortality in older persons with hypertension. Second, because the comorbidity data for older hypertensive patients originated from a questionnaire and self-reported disorders, the accurate decision on the comorbidity status was biased. Thirdly, the inclusion criteria for the older hypertensive population did not allow for classification and risk stratification of the condition.

In conclusion, a significant linear correlation was found between grip strength and the number of comorbidities in the older hypertensive population without adjusting for control variables. Grip strength was negatively correlated with more than three comorbidities, even after adjusting for biological, lifestyle, and other factors, Comorbidity and all-cause mortality showed a positive correlation, while low grip strength was associated with decreased all-cause mortality. Although comorbidities had a greater impact on all-cause mortality, functional exercise appeared to improve the prognosis for patients with more than three diseases. This suggests that chronic disease prevention and appropriate treatment are necessary for older patients with multiple diseases and that functional exercise is assured to maintain good physical function. This lends credence to the concept of healthy aging, which is not always associated with diseases and their corresponding decline in functions.
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