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Background: Atrial fibrillation (AF) and chronic kidney disease (CKD) often co-occur, and many of the same clinical factors and indicators of socioeconomic status (SES) are associated with both diseases. The effect of the estimated glomerular filtration rate (eGFR) on all-cause mortality in AF patients and the impact of SES on this relationship are uncertain.

Materials and methods: This retrospective study examined 968 patients who were admitted for AF. Patients were divided into four groups based on eGFR at admission: eGFR-0 (normal eGFR) to eGFR-3 (severely decreased eGFR). The primary outcome was all-cause mortality. Cox regression analysis was used to identify the effect of eGFR on mortality, and subgroup analyses to determine the impact of confounding factors.

Results: A total of 337/968 patients (34.8%) died during follow-up. The average age was 73.70 ± 10.27 years and there were 522 males (53.9%). More than 39% of these patients had CKD (eGFR < 60 mL/min/1.73 m2), 319 patients with moderately decreased eGFR and 67 with severely decreased eGFR. After multivariate adjustment and relative to the eGFR-0 group, the risk for all-cause death was greater in the eGFR-2 group (HR = 2.416, 95% CI = 1.366–4.272, p = 0.002) and the eGFR-3 group (HR = 4.752, 95% CI = 2.443–9.242, p < 0.00001), but not in the eGFR-1 group (p > 0.05). Subgroup analysis showed that moderately to severely decreased eGFR only had a significant effect on all-cause death in patients with low SES.

Conclusion: Moderately to severely decreased eGFR in AF patients was independently associated with increased risk of all-cause mortality, especially in those with lower SES.
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Introduction

Chronic kidney disease (CKD) is a major public health problem that has many comorbidities and risk factors, such as diabetes, hypertension, and cardiovascular disease (1, 2). Many previous studies reported that low socioeconomic status (SES), as indicated by less education (3), low income (4), poverty (5), neighborhood deprivation (6), and other factors, are associated with disease progression and mortality in CKD patients. Thus, studies that aim to prevent mortality from CKD should consider SES as well as clinical indicators of kidney function.

Atrial fibrillation (AF) is the most common cardiac tachyarrhythmia, and several studies concluded that its prevalence will increase in the coming decades (7, 8). This increase is attributable to the aging population and the increased survival rates following myocardial infarction (9–11) and heart failure (12–14). The incidence rate of AF-related morbidity and mortality is also expected to increase over time, as will the conventional risk factors for AF, such as diabetes, hypertension, and cardiovascular disease (15–17). Factors related to SES, such as education, income, occupation, and characteristics of the community, could also potentially affect AF, but studies of these topics have had inconsistent results. For example, Kargoli et al. studied AF patients from New York City and showed that a lower SES predicted higher mortality after controlling for co-morbidities (18). In contrast, a national survey of the prevalence of AF in Scotland found that it had an inverse association with SES (19). AF may also be considered an epidemic that presents major socioeconomic challenges and is a public health issue at the global level (20, 21).

A population analysis showed that renal impairment affected 40 to 50% of patients with AF (22, 23). There is a reciprocal relationship between AF and CKD, in that CKD increases the risk of incident AF and AF increases the risk for the development and progression of CKD (24, 25). On the other hand, Ananthapanyasut et al. found a high prevalence of AF in patients with CKD who were not receiving dialysis, but estimated glomerular filtration rate (eGFR) did not correlate with the presence of AF in their population (22). The coexistence of AF and CKD can worsen the prognosis of each disease (26–28), and there seems to be an independent relationship between CKD and the risk of AF (28–31). Furthermore, although many studies have examined the effects of SES on CKD and on AF, few studies have reported the interrelationships of CKD, AF, and SES. Our aim was to assess the effect of CKD status on AF using data from a hospital electronic medical record system and to determine how this effect differs in patients with different SES.



Materials and methods


Study population

This single center retrospective cohort study evaluated the prognostic value of eGFR in patients with AF, and how this varied in different SES groups. From April 2017 to March 2019, patients aged 18 years or older were included if they were admitted to our institution with an ICD-10 code for AF (I48.x01, I48.x00, or I48.x01 × 022) based on review of the electronic medical record system. Finally, the records of 968 participants were retrieved and anonymized prior to analysis. According to China’s “Ethical Review Approaches for Biomedical Research Involving Humans” 2016, Article 39(1) (32), informed consent was not required for this retrospective study. The study was approved by the Institutional Ethics Committee of Xuancheng People’s Hospital (Anhui, China).



Clinical outcomes

The primary outcome was all-cause mortality, and was evaluated by annual telephone follow-up and review of medical records. Subsequently, the date of death was confirmed through the civil affairs system or a death certificate from the medical records. Patients who were lost to follow-up were censored at the date of last contact. All patients were followed up until December 30, 2021.



Covariates

Name, gender, age, hospitalization time, medical insurance category, and information on smoking, drinking, occupation, education, and medical history (coronary artery disease, congestive heart failure, hypertension, hyperlipidemia, hyperuricemia, diabetes, and other conditions) were collected from the electronic medical records and medical insurance system. Each medical condition was defined by the presence of a corresponding ICD-10 diagnostic code in the records. Patient outcome and time of death were determined through telephone follow-up, a death certificate, and records in the civil affairs system.

The estimated glomerular filtration rate (eGFR) was calculated using the Modification of Diet in Renal Disease (MDRD) equation for Chinese patients (33). Then, based on eGFR at admission, we defined CKD as an eGFR below 60 mL/min/1.73 m2, and stratified all patients into four groups.

eGFR-0: normal eGFR (≥ 90 mL/min/1.73 m2);

eGFR-1: mildly decreased eGFR (89–60 mL/min/1.73 m2);

eGFR-2: moderately decreased eGFR (59–30 mL/min/1.73 m2);

eGFR-3: severely decreased eGFR (< 30 mL/min/1.73 m2).

Coronary heart disease was ascertained by self-reported history of myocardial infarction, coronary artery bypass grafting, coronary angioplasty, or stenting, or if a patient had evidence of prior myocardial infarction in the baseline ECG, received an intervention, or had a coronary artery bypass graft. Hypertension was diagnosed when the blood pressure was 140/90 mmHg or more or if a patient used an antihypertensive agent. Diabetes mellitus was diagnosed when the fasting plasma glucose was 7.0 mmol/L or more, the random plasma glucose was 11.1 mmol/L or more, or a patient used a hypoglycemic drug. A lipid disorder was diagnosed when the total cholesterol was 5.7 mmol/L or more or when the LDL was 3.6 mmol/L or more. Hyperuricemia was diagnosed when the uric acid was 420 μmol/L or more or if a patient used a drug to control hyperuricemia. Education was categorized as not beyond the primary level or above junior high school. Medical insurance was divided as employee medical insurance or new rural cooperative medical insurance. Smoking status and drinking status were defined as current user or non-user (which included never used or used in the past but quit more than 1 year previously). The above data were used to calculate the CHA2DS2-VASc score (34) (1 point each for congestive heart failure, hypertension, diabetes, vascular disease, age 65–74 years, and female sex; and 2 points each for previous stroke/TIA/thromboembolism and age of 75 years or more).



Statistical analysis

Categorical variables were presented as percentages and frequencies, and continuous variables as means ± standard deviations. Kaplan-Meier cumulative mortality curves were used to assess all-cause mortality, and curves for patients in different eGFR groups (see above) were compared using the log-rank test.

A multivariate Cox proportional hazard model was used to identify the independent effect of different variables on all-cause mortality, and subgroup analyses were used to determine whether the effect of eGFR was increased or decreased by different confounding factors. Models were adjusted for age group, sex, occupation, education, medical insurance, and other prognostic variables, including hypertension, diabetes, hyperuricemia, hyperlipidemia, coronary heart disease, heart failure, receipt of treatment (antiplatelet, anticoagulant, or lipid regulating drug), and history of smoking or drinking. These variables were selected based on clinical relevance and previous research (35). The results are reported as hazard ratios (HRs) with 95% confidence intervals (CIs) and P values. All analyses were performed using SPSS version 24 and a P value less than 0.05 was considered statistically significant.




Results

We examined 968 patients who were admitted to our institution for AF from April 2017 to March 2019 (Table 1). A total of 337 (34.8%) of these patients were deceased at the time of the last follow-up on December 30, 2021. The average age was 73.70 ± 10.27 years, and there were 522 males (53.9%) and 446 females (46.1%). The mean eGFR was 70.1 ± 26.9 mL/min/1.73 m2, and more than 39% of all patients had CKD (eGFR < 60 mL/min/1.73 m2). An indicated in a double-layer pie chart (Figure 1), there were 119 cases in the eGFR-0 group (eGFR > 90 mL/min/1.73 m2), 463 in the eGFR-1 group (eGFR = 60–89 mL/min/1.73 m2), 319 in the eGFR-2 group (eGFR = 30–59 mL/min/1.73 m2), and 67 in the eGFR-3 group (eGFR < 30 mL/min/1.73 m2).


TABLE 1    Baseline characteristics of patients in different estimated glomerular filtration rate (eGFR) groups who were admitted for atrial fibrillation.
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FIGURE 1
Double layer pie chart showing the numbers of patients who were less than 65 years-old and 65 years-old or more (outer circle) in the eGFR-0, eGFR-1, eGFR-2, and eGFR-3 groups (inner circle). Estimated glomerular filtration rate (eGFR) groups are defined in Table 1.


Patients with moderate to severely decreased eGFR were older and more likely to be female than those with slightly decreased or normal eGFR (Table 1). A decreased eGFR was associated with an increased prevalence of coronary heart disease, cardiac insufficiency, hyperuricemia, and hypertension. Similarly, a low eGFR was associated with a higher CHA2DS2-VASc score. Overall, the eGFR-2 and eGFR-3 groups had more comorbidities and were less likely to use anticoagulants. However, eGFR was unrelated to use of antiplatelet therapy or statin therapy, both of which gradually declined with the decline of eGFR. In addition, patients with worse renal function were more likely to have rural cooperative medical insurance, a lower occupational status, and less education.

We determined the all-cause mortality rates of the different eGFR groups using Kaplan-Meier analysis and the log-rank test, with separate analyses for patients who survived at least 90 days (Figure 2A), at least 1 year (Figure 2B), and at least 3 years (Figure 2C). For patients who survived 90 days, 1 year, and 3 years, pair-wise comparisons indicated no significant differences in survival of the eGFR-0 and eGFR-1 groups (all P > 0.05). However, all other pair-wise comparisons for patients who survived 90 days, 1 year, and 3 years (eGFR-0 vs. eGFR-2, eGFR-0 vs. eGFR-3, eGFR-1 vs. eGFR-2, eGFR-1 vs. eGFR-3, and eGFR-2 vs. eGFR-3) indicated statistically significant differences in all-cause mortality (all P < 0.0001).
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FIGURE 2
Kaplan-Meier analysis of all-cause mortality for patients in the different estimated glomerular filtration rate (eGFR) groups who survived at least 90 days (A), at least 1 year (B), and at least 3 years (C). eGFR groups are defined in Table 1.


We also performed a Cox proportional hazard model to compare survival times in the different eGFR groups after adjusting for multiple confounding factors (Table 2). Relative to the eGFR-0 group, the adjusted HR for all-cause death was 2.416 (95% CI: 1.366–4.272, P = 0.002) in eGFR-2 group and 4.752 (95% CI: 2.443–9.242, P < 0.0001) in the eGFR-3 group. However, there was no significant difference in all-cause mortality in the eGFR-0 and eGFR-1 groups (HR = 1.307, 95% CI: 0.749–2.281, P = 0.345).


TABLE 2    Univariable and multivariable analysis of factors associated with all-cause mortality in patients admitted for atrial fibrillation.
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We performed a subgroup analysis to determine whether different factors increased or decreased the effect of eGFR on all-cause mortality (Table 3). Stratification by sex indicated that relative to the eGFR-0 group, males in the eGFR-2 group and females in eGFR-2 and eGFR-3 groups had significantly increased all-cause mortality (all P < 0.05). Also relative to the eGFR-0 group, there was significantly greater all-cause mortality in the eGFR-2 and eGFR-3 groups for those who had low occupational status, had no education beyond primary school, had rural medical insurance, did not use an anti-coagulant, and did not use an antihypertensive drug (all P < 0.05). In contrast, a decreased eGFR had no significant effect on all-cause mortality in those who had a high occupational status, had education above junior high school, had employee medical insurance, used an anti-coagulant, and used an antihypertensive drug (all P > 0.05).


TABLE 3    Subgroup analyses of the association of all-cause mortality with eGFR in patients admitted for atrial fibrillation***.
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Discussion

Our study demonstrated that moderately to severely decreased eGFR was an independent risk factor for all-cause mortality in patients admitted for AF. Moreover, the impact of moderately to severely decreased eGFR on all-cause mortality in these patients was increased for follow-up times of 90 days, 1 year, and 3 years. We also found that SES had an impact on the outcome of these patients. In particular, our subgroup analyses indicated that eGFR was significantly related to all-cause mortality in patients with low SES (low-status employment, less education, rural cooperative medical insurance, no use of an anticoagulant drug, no use of an anti-hypertensive drug), but this relationship was not significant in patients with high SES (high-status employment, more education, employee medical insurance, and those who used an anticoagulant or an anti-hypertensive drug).

Atrial fibrillation (AF) and CKD often coexist, and our AF patients had a high prevalence of chronic renal insufficiency. More specifically, patients with CKD (moderately to severely decreased eGFR) accounted for about 39% of our patients, similar to previous studies (36). Our results are also in line with the results of Shinya et al. (37), who found that patients with moderately to severely decreased eGFR were older and more likely to be female. There are several common and well-known risk factors CKD and AF, such as hypertension, diabetes, and obesity (38–42). CKD and AF are also associated with age-related diseases (43, 44). Thus older patients are more likely to have CKD and AF. It is generally believed each condition aggravates the other, and together they contribute to poor patient prognosis.

The adverse prognosis of patients with decreased renal function and AF is not simply reflected in the increased number and severity of complications, but also affects the choice and efficacy of treatments. For example, the risk of stroke and bleeding in these patients group increases gradually as renal function declines (45, 46), possibly making it inappropriate to administer an anticoagulant. However, some predictors of AF in the general population differ from those in patients with CKD (47). That is, some risk factors have attenuating effects on the relationship between AF and CKD, thereby emphasizing the importance of assessing the relationship between AF and CKD and clinical outcomes in different clinical settings.

We examined a cohort of patients hospitalized for AF. eGFR is usually used to evaluate the status of renal function (48) because it is an easily measured and comprehensive clinical index of renal function. We found that even after adjusting for many confounding factors, moderately to severely decreased eGFR remained an independent risk factor for all-cause mortality, consistent with many previous studies (29, 49). A recent study based on the GARFIELD-AF Registry (37) examined the impact of different stages of chronic renal insufficiency on the prognosis of patients with AF. This study indicated that moderate to severe CKD was an independent predictor of all-cause death within 1 year of the diagnosis of AF. We performed subgroup analysis to examine the effect of follow-up time on outcome, and our results suggested that moderately to severely decreased eGFR had similar effects on all-cause mortality at 90 days, 1 year, and 3 years.

The global incidence rate of AF has increased significantly over time, as have the incidence rates of diseases traditionally associated with AF (hypertension, diabetes, cardiovascular diseases, obesity, and metabolic syndrome) (39, 40). Income, education level, living conditions, and health awareness are indicators of SES, and they also impact the prognosis of patients with AF. Numerous studies demonstrated that a lower SES was associated with increased mortality in patients with AF (18, 50, 51). In addition, a large multi-ethnic cohort study found that people who did not know they had AF had an increased risk of mortality compared with those who did know they had AF (52).

However, some studies reported contrary results. For example, a national survey of AF in Scotland found that its prevalence decreased with increasing socioeconomic deprivation (19). We found that low SES was associated with an increased risk of death from AF, but not after adjustment for other risk factors. Furthermore, we found that moderately to severely decreased eGFR had a more significant effect on all-cause death in people with lower SES. A previous study in Sweden demonstrated that community deprivation and socio-economic differences were not independent risk factors for hospitalization due to AF (53). However, these researchers suggested that SES may indirectly increase the risk of AF and poor prognosis due to its affect on comorbidities that are associated with AF (53). This suggests that when a patient presents with CKD, AF, and low SES, clinicians should focus on preventive measures and seek to increase the access to additional medical resources that can improve overall prognosis.

We found that the CHA2DS2-VASc score gradually increased with the deterioration of kidney function, but these patients also had decreased use of anticoagulants. This may be because clinicians are reluctant to prescribe anticoagulants for these patients because of their increased risk of massive bleeding. Anticoagulation therapy remains the cornerstone of the treatment for atrial fibrillation (54). However, when AF coexists with renal insufficiency, the patient also has a high risk of death and massive bleeding (55). Additionally, no randomized controlled trials have yet examined the effect of oral anticoagulants in patients with renal insufficiency. In general, data on how to best treat AF in patients with CKD are extremely limited, and the most appropriate treatment is likely to be complex. Our study showed that anticoagulant therapy had an independent protective effect on all-cause death in patients with AF and CKD. Although our evidence does not prove the benefit of anticoagulant use in these patients, it supports the results of Anders et al. (56), who showed that warfarin treatment provided a net clinical benefit in patients with chronic renal insufficiency.

There were several limitations in this study. First, our study was a single-center retrospective analysis, so there is a possibility of selection bias. Second, despite our consideration of routine prognostic factors, it is likely there were additional unknown confounders that we did not consider, especially some indicators of SES (household income, neighborhood, etc.). Finally, our study had relatively small sample size and short follow-up time. These challenges need to be addressed in a study that uses a larger sample size and accounts for more potential confounders.



Conclusion

It is well-known that the prevalence of CKD increases with age. We found that a moderately to severely decreased eGFR was an independent risk factor for all-cause death in patients hospitalized for AF, especially in those with low SES. Thus, the main clinical relevance of this study is that clinicians should pay special attention to AF patients who present with modifiable factors that correlate with low SES. In addition, healthcare systems should consider the implementation of policies that improve disease prevention and increase the access to medical resources by individuals with low SES, because these likely to improve the health status of these individuals.
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