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Background: Serum adiponectin level predicts cardiovascular (CV) outcomes and progression of coronary artery calcification (CAC) in the general population, although the association has not been validated in patients with chronic kidney disease (CKD). In this study, we investigated the association of high serum adiponectin level with the risk of adverse CV outcomes and progression of CAC in patients with pre-dialysis CKD.

Methods: A total of 1,127 patients with pre-dialysis CKD from a nationwide prospective cohort of patients with pre-dialysis CKD in Korea were divided into the tertile by serum adiponectin level at the baseline. CV outcome of interest was fatal and non-fatal CV events and all-cause mortality. Progression of CAC was defined as coronary artery calcium score (CACS) change more than 200 during a 4-year follow-up.

Results: Cox regression analysis revealed that high serum adiponectin is associated with increased risk of fatal and non-fatal CV events (adjusted hazard ratio 2.799, 95% CI 1.348–5.811). In contrast, high serum adiponectin level was not significantly associated with all-cause mortality (adjusted hazard ratio 0.655, 95% CI 0.203–2.113). Binary logistic regression analysis revealed that high serum adiponectin level is also associated with increased risk of progression of CAC (adjusted odds ratio [OR] 2.078, 95% CI 1.014–4.260). Subgroup analyses demonstrated that the association of high serum adiponectin with increased risk of fatal and non-fatal CV events is not modified by age, gender, history of diabetes, estimated glomerular filtration rate (eGFR), or spot urine albumin-to-creatinine ratio (ACR).

Conclusions: High serum adiponectin level is associated with adverse CV outcomes and progression of CAC in patients with pre-dialysis CKD.
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INTRODUCTION

Adiponectin is a cytokine released from adipose tissue (1). Its full-length form consists of 244 amino acids, with a molecular weight of 28 kDa, although a globular form is also generated by proteolytic cleavage (2, 3). The biological action is mediated by its major receptors, AdiopoR1 and AdipoR2 (4), which are very similar in the structures, but are distinguished by their different affinities to adiponectin and in vivo distributions (4, 5). Adiponectin is pleiotropically organ-protective via anti-oxidant and anti-inflammatory processes under physiologic conditions (6). This is well-illustrated by the stabilization of vulnerable plaques after overexpression of adiponectin in mice (7), thereby inhibiting the progression of pre-existing atherosclerotic lesions. Several studies also reported low adiponectin levels as a predictor of coronary artery calcification (CAC) progression in human subjects (8–10). Further, a pharmacologic intervention with telmisartan and statins increased serum adiponectin levels, which was associated with the reduction of cardiac events (8). It is, therefore, now widely accepted that low serum adiponectin level predicts the long-term cardiovascular (CV) outcomes in the general population (11).

It should be, however, reminded that the role of adiponectin is context-dependent. The associations of low serum adiponectin with metabolic syndrome and systolic blood pressure (SBP) were found only in the female (12) and male subjects (13), respectively, suggesting that the mode of action may be modified in a gender-dependent manner. A report from Estonia aimed to investigate gender-specific associations between metabolic syndrome and serum adiponectin level revealed that, in a fully adjusted, serum adiponectin was significantly associated with metabolic only in women (12). A study targeting the association of adipokines with blood pressure in rural Chinese adolescents reported that adiponectin was negatively associated with SBP only in men (13). Mounting evidence also suggests that chronic kidney disease (CKD) should alter the clinical interpretation of serum adiponectin level, as low serum adiponectin is associated with better health-related quality of life in a cohort study of patients with pre-dialysis CKD (14). Another study from the same cohort also reported the increased risk of anemia development with high serum adiponectin (15). A study from Taiwan with a mean follow-up duration of 5 years reported that high serum adiponectin increased the risk of end-stage renal disease in patients with non-diabetic CKD (16). These all together suggest that the role of adiponectin could be considerably altered in patients with CKD, which could be primarily attributed to alterations in the clearance of circulating adiponectin (17). Yet, it has not been elucidated whether the conventional association between adiponectin and CAC is still valid in patients with CKD.

We here investigated the association of high serum adiponectin level with CV outcomes in patients with pre-dialysis CKD. We also examined the association of serum adiponectin level with the progression of CAC, as coronary artery disease (CAD) is the leading cause of mortality in patients with CKD (18).



METHODS


Study Designs and Participants

The Korean Cohort Study for Outcomes in Patients With Chronic Kidney Disease (KNOW-CKD) is a nationwide prospective cohort study involving 9 tertiary-care general hospitals in Korea (NCT01630486 at http://www.clinicaltrials.gov) (19). Korean patients with CKD from stage 1 to pre-dialysis stage 5, who voluntarily provided informed consent, were enrolled between 2011 and 2015. All participants had been under close observation, and participants who experienced study outcomes were reported by each participating center. The study observation period ended on March 31, 2020. A total of 2,238 subjects were longitudinally followed up (Figure 1). After excluding those lacking the baseline measurement of serum adiponectin level, and those lacking either the baseline or follow-up measurement of coronary artery calcium score (CACS), 1,127 subjects were finally included for the analyses. The median follow-up duration was 6.962 years.
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FIGURE 1. Flow diagram of the study participants. CACS, coronary artery calcium score; SD, standard deviation; CACS, coronary artery calcium score; T1, 1st tertile; T2, 2nd tertile; T3, 3rd tertile.




Data Collection

Demographic information was collected from all eligible participants, including age, gender, smoking history, medications (angiotensin-converting enzyme inhibitors and angiotensin receptor blockers (ACEi/ARBs), diuretics, and statins), and comorbid conditions, at the time of screening. Anthropometric indices [height, weight circumference (WC), SBP, and diastolic blood pressure (DBP)] were also measured. Body mass index (BMI) was calculated as weight/height2 (kg/m2). Laboratory data included hemoglobin, creatinine, albumin, glucose, triglyceride, total cholesterol, low-density lipoprotein cholesterol, high-density lipoprotein cholesterol (HDL-C), and high sensitive C-reactive protein (hs-CRP). Serum creatinine was measured by an isotope dilution mass spectrometry–traceable method, and estimated glomerular filtration rate (eGFR) was calculated by Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) equation (20). CKD stages were determined by the Kidney Disease Improving Global Outcomes guidelines (12). For example, the subjects with persistent albuminuria [spot urine albumin-to-creatinine ratio (ACR) ≥ 30 mg/gCr] for more than 3 months and eGFR >90 ml/min/1.73 m2 were classified into stage 1. Urine ACR was measured in random, preferably first-voided, spot urine samples. The 24 h urine protein excretion was also determined.



Determination of Serum Adiponectin Level

Serum adiponectin level was measured using a commercial enzyme-linked immunosorbent assay kit (Adipogen Corp., San Diego, CA, USA). This method had intra- and inter-assay coefficients of variations of ≤ 3.8 and ≤ 5.5%, respectively. The subjects were divided into the tertile (T1–T3) by serum adiponectin levels (Figure 1). The cut-offs at T1 and T3 were <6.041 μg/ml and ≥11.884 μg/ml, respectively. T3 was defined as high serum adiponectin level.



Study Outcomes

The outcomes of interest were fatal and non-fatal CV events and all-cause mortality. CV events, either fatal or non-fatal, included any coronary artery event (unstable angina, myocardial infarction, or coronary intervention/surgery), hospitalization for heart failure, ischemic or hemorrhagic stroke, incident peripheral arterial disease, and symptomatic arrhythmia. Progression of CAC was defined as an increase in CACS of more than 200 AUs during a 4-year follow-up (21).



Statistical Analysis

Continuous variables were expressed as mean ± SD or median [interquartile range]. Categorical variables were expressed as a number of participants and percentage. For descriptive analyses, Student's t-test or one-way ANOVA and χ2 test were used for continuous and categorical variables, respectively. In the primary analysis, the participants with any missing data were excluded for further analyses. To assess the association between high serum adiponectin level and the outcomes, Cox proportional hazard regression models were analyzed. Patients lost to follow-up were censored at the date of the last visit. We adjusted age, gender, Charlson comorbidity index, history of diabetes mellitus (DM), smoking history, BMI, WC, SBP, and DBP, medication (ACEi/ARBs, diuretics, and statins), hemoglobin, albumin, HDL-C, fasting glucose, hs-CRP, eGFR, 24-h urine protein, and categorized CACS at the baseline. The results of Cox proportional hazard models were presented as hazard ratios (HRs) and 95% CIs. Restricted cubic splines were used to visualize the association between serum adiponectin as a continuous variable and the HR for fatal and non-fatal CV events or all-cause mortality. To address the association between high serum adiponectin level and progression of CAC, binary logistic regression models were analyzed. As progression of CAC in subjects with CACS 0 AU at the baseline was extremely rare (Supplementary Figure S1), those with baseline CACS 0 AU were excluded from the analyses (n = 605). The model was also adjusted for age, gender, Charlson comorbidity index, history of DM, smoking history, BMI, WC, SBP, and DBP, medication (ACEi/ARBs, diuretics, and statins), hemoglobin, albumin, HDL-C, fasting glucose, hs-CRP, eGFR, 24-h urine protein, and categorized CACS at the baseline. The results of binary logistic regression models were presented as odds ratios (ORs) and 95% CIs. To substantiate our findings, we performed sensitivity analyses by excluding the subjects with eGFR ≥ 90 ml/min/1.73 m2, since the subjects with eGFR ≥ 90 ml/min/1.73 m2 were considered close to normal kidney function. In addition, we replaced missing values in primary analyses with multiple imputation and further conducted Cox regression and binary logistic regression analyses. Two-sided p < 0.05 were considered statistically significant. Statistical analysis was performed using SPSS for Windows version 22.0 (IBM Corp., Armonk, NY, USA) and R (version 3.4.3; www.r-project.org; R Foundation for Statistical Computing, Vienna).




RESULTS


Baseline Characteristics

The baseline characteristics of study participants were described by serum adiponectin level (Table 1). The frequency of male gender, history of DM, and current smokers was highest in T1. The other demographic data revealed no significant difference among the groups. BMI and WC were also highest in T1, while waist-to-hip ratio, SBP, and DBP were not significantly different across the groups. Hemoglobin and albumin levels were highest in T1. HDL-C level was highest in T3, while triglyceride level was highest in T1. Fasting glucose and hs-CRP levels were highest in T1. Interestingly, spot urine ACR and eGFR were lowest in T1 and T3, respectively. Collectively, low serum adiponectin level was largely associated with unfavorable clinical features at the baseline, whereas its serum level was inversely correlated with renal function.


Table 1. Baseline characteristics of study participants in the tertile by serum adiponectin level.
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Association of High Serum Adiponectin Level With Adverse CV Outcomes in Patients With Pre-dialysis CKD

To define the association of serum adiponectin level with clinical outcomes, Cox regression models were analyzed (Table 2). Cox regression analyses revealed that high serum adiponectin is associated with an increased risk of fatal and non-fatal CV events (adjusted HR 2.799, 95% CI 1.348–5.811, p = 0.006). In contrast, high serum adiponectin level was not significantly associated with all-cause mortality (adjusted HR 0.655, 95% CI 0.203–2.113, p = 0.479).


Table 2. Cox regression analysis of serum adiponectin levels for clinical outcomes.
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To examine the linear relation of serum adiponectin level with the risk of CV events (Figure 2) and all-cause mortality (Supplementary Figure S2), we conducted spline regression analyses. Restricted cubic spine depicted that both crude (Figure 2A) and adjusted (Figure 2B) HRs for fatal and non-fatal CV events are positively correlated with serum adiponectin level. The risk of all-cause mortality was linearly correlated with serum adiponectin level in the crude model (Supplementary Figure S2A), no clear correlation was demonstrated in the adjusted model (Supplementary Figure S2B).


[image: Figure 2]
FIGURE 2. The restricted cubic spline of serum adiponectin on the risk of fatal and non-fatal CV events. Crude (A) and adjusted (B) HRs of serum adiponectin as a continuous variable for fatal and non-fatal CV events are depicted. The model was adjusted for age, gender, Charlson comorbidity index, history of DM, smoking history, BMI, WC, SBP, DBP, medications (ACEi/ARBs, statins, diuretics), hemoglobin, albumin, HDL-C, fasting glucose, hs-CRP, eGFR, 24-h urine protein, and categorized CACS at the baseline. HR, hazard ratio; CV, cardiovascular; CACS, coronary artery calcium score eGFR, estimated glomerular filtration rate; DM, diabetes mellitus; BMI, body mass index; WC, weight circumference; SBP, systolic blood pressure; DBP, diastolic blood pressure; HDL, high density lipoprotein.




Association of High Serum Adiponectin Level With the Progression of CAC in Patients With Pre-dialysis CKD

As the relation between serum adiponectin level and CV outcomes was inversed compared to the finding from the general population (8, 11), we hypothesized that high serum adiponectin level may be associated with progression, rather than stabilization, of CAC in patients with pre-dialysis CKD. The analysis of the binary logistic regression model (Table 3) revealed that high serum adiponectin level is marginally but significantly associated with increased risk of progression of CAC in patients with pre-dialysis CKD (adjusted OR 2.078, 95% CI 1.014–4.260, p = 0.046).


Table 3. Binary logistic regression of serum adiponectin levels for progression of CAC.
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Sensitivity Analysis

We excluded the subjects with eGFR ≥ 90 ml/min/1.73 m2 who are considered close to normal kidney function (n = 244). Despite the substantial reduction of the number of subjects being analyzed, binary logistic regression analysis revealed that high serum adiponectin level is significantly associated with the progression of CAC (adjusted OR 2.179, 95% CI 1.038–4.573, p = 0.040; Supplementary Table S1). Cox regression analysis also demonstrated that high serum adiponectin level is significantly associated with fatal and non-fatal CV events (adjusted HR 3.096, 95% CI 1.450–6.609, p = 0.003), but is not significantly associated with all-cause mortality (adjusted HR 0.681, 95% CI 0.213–2.177, p = 0.517), even after exclusion of the subjects with eGFR ≥ 90 ml/min/1.73 m2 (Supplementary Table S2). In addition, we performed multiple imputation to replace the missing data in the primary analyses. High serum adiponectin was robustly associated with increased risk of fatal and non-fatal CV events in Cox regression analyses of all subjects (adjusted HR 2.099, 95% CI 1.127–3.908, p = 0.019) and the subjects with eGFR <90 ml/min/1.73 m2 (adjusted HR 1.950, 95% CI 1.019–3.733, p = 0.044; Supplementary Table S3). High serum adiponectin was associated with the progression of CAC in binary logistic regression analysis of the subjects with eGFR <90 ml/min/1.73 m2 (adjusted OR 2.055, 95% CI 1.026–4.117, p = 0.044), but not in the analysis of all subjects (adjusted OR 1.793, 95% CI 0.928–3.465, p = 0.082; Supplementary Table S4).



Subgroup Analysis

To evaluate whether the association of high serum adiponectin level with fatal and non-fatal CV events and progression of CAC is modified by subgroups, we conducted subgroup analyses. The subgroups were stratified by age (<60 or ≥60 years), gender (male or female), history of DM (without or with), eGFR (≥ 60 or <60 ml/min/1.73 m2), and spot urine ACR (<300 or ≥300 mg/g). Cox regression analysis revealed that p-values for interactions were >0.05 for all subgroups (Table 4), suggesting that the association of high serum adiponectin with increased risk of fatal and non-fatal CV events is not modified by these factors. Binary logistic regression analysis revealed that p-values for interactions were >0.05 for the subgroups by gender, history of DM, eGFR, and spot urine ACR, while a marginal but significant interaction existed between age and the risk of progression of CAC (p for interaction = 0.047), where a non-significant trend between low serum adiponectin level and progression of CAC was observed in the subjects with age <60 years (Supplementary Table S5).


Table 4. Cox regression analysis of serum adiponectin levels for fatal and non-fatal CV events in various subgroups.
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As the subgroup analysis by eGFR ≥60 or <60 ml/min/1.73 m2 did show any significant differences in the association between serum adiponectin level and the risk of fatal and non-fatal CV events, we tried to more sophisticatedly define the cut-off level at which eGFR level the association of serum adiponectin level and the risk of fatal and non-fatal CV events is altered (Supplementary Figure S3). In the analysis of the subjects with eGFR with ≥ 72 ml/min/1.73 m2 (Supplementary Figure S3A), the restricted cubic spline visualized the similar pattern shown in the analysis of the entire subjects. In contrast, in the analysis of the subjects with eGFR with ≥ 73 ml/min/1.73 m2 (Supplementary Figure S3B), the restricted cubic spline demonstrated a dramatically contrasting result, with an inverse correlation between serum adiponectin level and the risk of fatal and non-fatal CV events, which is similar to the pattern shown in the general population. These collectively suggest that the association of serum adiponectin and the risk of CV events in patients with CKD is altered at eGFR 70–75 ml/min/1.73 m2.




DISCUSSION

In the present study, we found that high serum adiponectin level is associated with adverse CV outcomes in patients with pre-dialysis CKD. We also discovered that high serum adiponectin level is associated with an increased risk of progression of CAC in a patient with CKD. The association of high serum adiponectin with increased risk of fatal and non-fatal CV events was not modified by age, gender, history of diabetes, eGFR, or spot urine ACR.

As CV disease is a leading cause of death in patients with CKD (22), the early detection of patients with a high risk of CV events should be an issue of particular importance in this population. Our finding in the current study is contrary to the previous reports from the general population with CAD (8–10), where low serum adiponectin level has been suggested as a predictor of CAC. The results in this study are rather in accordance with previous studies (14–16) that demonstrated the adiponectin paradox. A fundamental question to the adiponectin paradox is whether the biological action of adiponectin is actually altered in a context-dependent manner. Despite the lack of any definitive evidence from clinical trials, we speculate that organ-protective adiponectin-driven signals may be minimally or only partly affected even in clinical contexts associated with the adiponectin paradox. Indeed, overexpression of adiponectin attenuates kidney damage in a murine model of hypertensive nephropathy (23), whereas deletion of adiponectin exacerbated albuminuria and renal fibrosis in a mouse model of subtotal nephrectomy that mimics CKD in human subjects (24).

Rather, adiponectin paradox in patients with CKD could be attributed to alterations in the clearance of circulating adiponectin, as the renal clearance of adiponectin decreased in a mouse after subtotal nephrectomy, with an elevation of serum adiponectin levels (17). We also reported that despite the association of most unfavorable clinical features with low serum adiponectin level at the baseline, mean eGFR was lowest in subjects with high serum adiponectin levels (Table 1). Moreover, we found that the association of serum adiponectin and the risk of CV events is dramatically altered at eGFR 70–75 ml/min/1.73 m2 (Supplementary Figure S3), suggesting that adiponectin paradox in patients with CKD is already present even in early stages. Meanwhile, impaired kidney function may facilitate the accumulation of epicardial adipose tissue (EAT) (25, 26). Although EAT is a source of adiponectin (27), it also secrets detrimental adipokines, such as leptin, to promote inflammation in adjacent coronary vascular beds, the accumulation of EAT has been associated with CAD severities (6, 27). Therefore, based on the current understanding of adiponectin biology, it seems likely that the association of high serum adiponectin level with adverse CV outcomes indicates deteriorating kidney function in the natural course of CKD.

A finding of interest is that the risk of adverse CV outcomes and progression of CAS were lowest in T2, rather than in T1, although the difference between T1 and T2 was not statistically significant. One may expect that the nadir point of serum adiponectin level for adverse CV outcomes should be positioned in T3 if the analysis included the general population, as the risk of CV events inversely correlates with serum adiponectin level in the general population (8). Provided that we included patients with CKD for the analysis in which condition of the clearance of serum adiponectin is affected, it is speculated that the nadir point of serum adiponectin for the risk of adverse CV outcomes in the current study is modified along with the alteration in the overall association between serum adiponectin level and the risk of CV events. In this regard, we demonstrated that the association of high serum adiponectin level with adverse CV outcomes is valid among the subjects with only mild impairment of kidney function (Supplementary Tables S1, S2). It should be further elucidated that at which cut-off point of kidney function critically discriminates the association of serum adiponectin and CV outcomes between the general population and the patients with CKD.



LIMITATIONS

There are a number of limitations to this study. First, we are not able to clarify the causal relationship between high serum adiponectin and adverse CV outcomes or progression of CAC, because of the observational nature of the current study. Second, although high serum adiponectin level was significantly associated with adverse CV outcomes, we could not determine the association between serum adiponectin level and all-cause mortality, because the frequency of death events was as low as 24 out of 1,127 subjects (2.7%). Third, compared to the association between high serum adiponectin level and CV outcomes, the association of high serum adiponectin level with the risk of progression of CAC is relatively marginal, although the association is repeatedly reproduced in the sensitivity analyses. Fourth, as this cohort study enrolled only ethnic Koreans, a precaution is required to extrapolate the data in the present study to other populations.



CONCLUSION

In conclusion, we report that high serum adiponectin level is associated with adverse CV outcomes in patients with pre-dialysis CKD. High serum adiponectin level is also associated with an increased risk of progression of CAC in a patient with CKD. The association of high serum adiponectin with increased risk of fatal and non-fatal CV events is not modified by age, gender, history of diabetes, eGFR, or spot urine ACR.
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