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Background: Aging is associated with a physiological decline in kidney function (KFD). In this study, we aimed to describe the impact of age on the rate of KFD and its interplay with risk factors for chronic kidney disease (CKD), considering mainly hypertension (HT), in the general population.

Materials and methods: Participants of European descent, aged 35–75, were recruited from a populational cohort in Lausanne, Switzerland. Participants with a 10 year follow-up were selected. KFD was defined as the difference in estimated glomerular filtration rate (eGFR) between baseline and follow-up, divided by the observation period. Multivariate linear regressions were used with KFD as the outcome and age as the main predictor. HT was tested as a modifying factor.

Results: We included 4,163 participants with mean age 52.2 ± 10.4, 44.7% men, 31.9% HT, and 5.0% diabetics. Mean baseline eGFR was 85.9 ± 14.6 ml/min/1.73 m2. Mean KFD was –0.49 ± 1.08 ml/min/1.73 m2 per year with 70% of participants decreasing their eGFR during follow-up. The relationship between age and KFD was non-linear and age was divided in tertiles. Old participants had faster rates of KFD as compared to young and middle-age participants (p < 0.001). A significant interaction was found between age and HT on KFD prediction (p < 0.001). In HT participants, KFD was significantly different across tertiles of age (p < 0.001). On contrary, KFD was not different across tertiles of age in non-HT participants.

Conclusion: A physiological KFD is present over time in the general population. Age contributes non-linearly to the rate of this decline with older subjects declining the fastest. The presence of HT is a major contributing factor in this setting as KFD worsened with age only in hypertensive participants. Thus, HT represents an important pathological factor aggravating the age-related physiological decline in eGFR in the general population.
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Introduction

Chronic kidney disease (CKD) is a leading cause of morbidity and mortality worldwide, mainly attributed to cardiovascular disease (1). In the United States, 37 million people and 15% of adults are estimated to have CKD (2). In Europe, there is a large variation of CKD prevalence, ranging from 3.3 to 17.3% across countries (3). In the adult population of Switzerland its prevalence is 10% but increases with diabetes, hypertension (HT), and aging (4). Moreover, the prevalence of CKD defined by a single threshold of glomerular filtration rate (eGFR) < 60 ml/min/1.73 m2 is growing in elderly with more than half of adults over 70 classified as having CKD (5). However, as there is a physiological decline in kidney function with aging, whether a mild decrease in eGFR in the elderly actually represents a pathological state is debated. Since 1950, studies have shown a yearly decrease of around 1 ml/min of eGFR from the age of 40 (6–8). Significant discrepancies in the rate of kidney function decline (KFD) exist, however, in cross-sectional and longitudinal studies (9). In addition, several studies reported steeper KFD but represented secondary analyses from prior randomized controlled trials in patients with CKD or population-based studies in elderly (10). Globally, few longitudinal population-based studies focusing on KFD have been conducted (11–15). Two of them described the longitudinal effect of age on KFD in large communities from Israel and Japan, respectively (14, 15). The other studies focused on older adults (11–13). However, none of these previous reports accounted for albuminuria, a major predictor of KFD (16, 17). Thus, while demographical, clinical, and biological factors associated with KFD and incident CKD have been previously reported, the longitudinal impact of age and its interplay with those factors is unclear (18–20). KFD is associated with mortality as well as incidence of end-stage kidney disease (ESKD) and has thus been proposed as a surrogate endpoint of adverse kidney event (21–23). Consequently, the general aim of the present study was to comprehensively describe the effect of age on KFD over a long-term period in a population-based cohort. Specifically, we wished to confirm an age-related decline in kidney function in a general population, test the hypothesis that this decline is not uniform across age categories and describe the interplay of age with other factors associated with KFD, mainly HT. Finally, we wanted to determine whether aging is associated with accelerated KFD or the incidence of CKD.



Materials and methods


Participants

We used the CoLaus cohort for the present study. CoLaus is a prospective cohort from the general population, including at baseline 6,188 participants from European descent, aged 35–75. The main purpose of this cohort was to study epidemiological and genetic determinants of cardiovascular risk factors and kidney function. Selection of participants and baseline data have been described in detail previously (24). Briefly, initial recruitment took place in Lausanne, a Swiss city of 117,161 inhabitants. In 2003, the population register from Lausanne provided a complete list of the residents aged 35–75 (N = 56,694). A simple, non-stratified random sample of 35% of this source population was drawn. Selected subjects were contacted by letter and presented with the main purpose of the cohort. The recruitment began in June 2003 and ended in May 2006. A total of 8,121 adults agreed to take part, representing 41% of the initial population. Inclusion criteria were: (a) aged 35–75, (b) written informed consent, and (c) Caucasian origin. Caucasian origin was defined clinically as having both parents and grandparents born in a restricted list of countries. There were no exclusion criteria. At baseline, 6,184 Caucasians adults were included. All CoLaus participants were invited to 5 and 10 year follow-ups. Only participants having both baseline and 10 year follow-up data were included in the present analysis.



Ethics

This study involving human participants was reviewed and approved by the local ethics committee “Commission cantonale d’éthique de la recherche sur l’être humain” (CER-VD: VD-16/03; VD-33/09, and VD-26/14) and was conducted in accordance with the declaration of Helsinki.



Variables

Variables collection was identical at baseline and 10 year follow-up. Participants were asked to attend the outpatient clinic at Centre Hospitalier Universitaire Vaudois (CHUV), Lausanne, Switzerland, in the morning after an overnight fast. Venous blood samples were drawn and random morning single urine specimens were collected. During a face-to-face meeting with trained field interviewers, participants were requested to fill standardized questionnaires. The questionnaire collected demographic data, socioeconomic status (education, occupation), lifestyle factors (physical activity, alcohol intake, and smoking), and current medication. Personal and family history on cardiovascular risk factors or events was also recorded. During the clinical visit, blood pressure (BP) and heart rate were measured three times in a sitting position using an automatic oscillometric device. Height and weight were measured using standardized scales. BMI was calculated and expressed as kg/m2. Standard laboratory analyses were performed at the CHUV clinical laboratory on fresh samples. In blood, were measured: creatinine, markers of diabetes and insulin resistance, lipids, liver tests, inflammatory markers, uric acid, albumin, and blood count. In urine, were measured: creatinine, albumine, and electrolytes. IDMS-traceable Jaffe kinetic compensated method was used to measure creatinine in blood and urine (Roche Diagnostics, Switzerland, intra- and inter-batch CV 2.9–0.7%). Glucose was measured by Glucose Deshydrogenase (Roche Diagnostics, Switzerland, intra- and inter-batch CV 2.1–1.0%). Serum uric acid was measured using uricase-PAP (inter- and intra-batch CV 1.0–0.5%). Serum ultrasensitive C-reactive protein (CRP) was measured by Immunoasay and latex HS (Agilent 1100, Switzerland, inter- and intra-batch CV 4.6–1.3%). Quantitative immuno-nephelometry was used to measure albumin in urine.



Definitions

We have previously described baseline kidney function in the CoLaus cohort (25). Race-adjusted 2009 creatinine CKD-EPI equation was used to calculate eGFR in ml/min/1.73 m2 (26). Urinary albumin-to-creatinine ratio (ACR) was calculated to estimate albuminuria in mg/g. Presence of albuminuria was defined as ACR > 30 mg/g. Presence of CKD was defined solely by eGFR < 60ml/min/1.73 m2. Decline in eGFR was defined as a decrease in eGFR from baseline to follow-up at 10 years. KFD was defined as the difference in eGFR between baseline and follow-up at 10 years, divided by the follow-up period. The follow-up period was defined as the difference between the date of the first observation and the date of the last examination in years. KFD was thus expressed as ml/min/1.73 m2 per year. Rapid KFD was defined as an annual KFD ≥ 3 ml/min/1.73 m2 (27). HT was defined as the use of anti-hypertensive drug or a mean systolic/diastolic BP ≥ 140/90 mmHg on office measurement (25). Diabetes was defined as the use of antidiabetic drug (oral or injectable) or a fasting glucose ≥7 mmol/L. Dyslipidaemia was defined as the use of lipid lowering drug. Smoking was defined as currently smoking vs. non- or former-smoking. Education level was separated in three categories: high (tertiary education), middle (upper secondary education or post-secondary non-tertiary education), and low (lower or no secondary education). Tertiles of age were created to obtain the same number of patients in three categories.



Statistics

In descriptive analysis, continuous variables were expressed as mean ± standard deviation (SD) or median (interquartile range) according to distribution. Variables were compared between two groups using T-test (or Wilcoxon test) and Chi2 for continuous and categorical variables respectively. Variables were compared between three groups using ANOVA (or Kruskal-Wallis) and Chi2 for continuous and categorical variables respectively. For the main analyses, multivariate linear regression models were used with KFD as the outcome and age as the main predictor. In addition to unadjusted analysis, multivariate models were constructed. In model 1, the following covariates were considered: gender, education level, dyslipidaemia, CRP, and uric acid. In model 2, diabetes, HT, BMI, and CKD were added as covariates. In model 3, ACR was added as covariate. Those covariates were selected based on prior scientific knowledge of their effect on kidney function as well as individual significant association with both KFD and age in exploratory analyses (see section “Results”) (18). Variables were log-transformed when necessary (CRP, ACR). A graphical representation of KFD as a function of age showed a non-linear relationship (see section “Results”) and departure from the line was confirmed in regression models. As such, age was considered a three-level categorical variable (tertiles) in linear models in order to satisfy statistical assumptions. Results are expressed as absolute β coefficients, 95% confidence intervals (95% CI), and associated p-values for each individual age tertiles. Global differences across tertiles as well as the relative effect of each age tertile in relation to one another were also tested. Interaction effect between age and hypertension was tested comparing models with interaction term (age × HT) to models without (age + HT). Interaction was considered significant when p-value for likelihood ratio test (LRT) comparing both models was <0.05. In addition to HT, gender was also considered as a potential interacting term based on prior scientific knowledge (28–30). Of note, only 63 patients (10, 19, and 34 in each age tertile) had diabetes without HT, thus compromising the analysis of diabetes alone. Therefore we could not test interaction with diabetes. Sensitivity analyses were conducted with an alternative definition of HT and with adjustment for various anti-hypertensive medications. In secondary analyses, multivariate logistic regression models were used with rapid KFD or incident CKD as the outcomes and age as the main predictor. Only patients without CKD at baseline were included in incident CKD analyses. Models specifications were identical to linear regression (see above). Results are expressed as odds ratio (OR), 95% CI, and associated p-values. Gender and HT were also considered as potential interacting terms.




Results


Baseline characteristics

From the 6,184 initial participants, 4,515 (73.0%) had a follow-up visit at 10 years and 4,169 (67.4%) had available creatinine measurement. Of those, six had missing values on considered covariates and 4,163 participants were thus included in the main analyses. Study flow chart is provided in Figure 1. Regarding participants who did not have a follow-up visit at 10 years (N = 1,669), 179 (10.7%) died, and 861 (51.6%) were still alive. No information on the status of the 629 (37.7%) remaining subjects was available. Characteristics of the 4,163 included participants as compared to the 2,021 excluded subjects are described in Supplementary Table 1. Compared to included patients, the excluded ones were older, more frequently men and smoker, had lower education, higher BMI and a higher prevalence of HT, diabetes, dyslipidaemia, CKD, and albuminuria. The mean age of the 4,163 included participants was 52.2 ± 10.4 with 44.7% men. Mean BMI was 25.5 ± 4.3 kg/m2 with 5.0% diabetics, 24.8% smokers, and 9.9% with dyslipidaemia. In total, 1,327 patients (31.8%) were hypertensive according to our definition (see section “Materials and methods”). Among those, 694 (16.6%) had systolic/diastolic BP ≥ 140/90 mmHg without anti-hypertensive treatment (“untreated HT”), while 333 (8.0%) had systolic/diastolic BP ≥ 140/90 mmHg under anti-hypertensive treatment (“uncontrolled HT”) and 300 (7.2%) had systolic/diastolic BP < 140/90 mmHg under anti-hypertensive treatment (“controlled HT”). Consequently, among treated participants, 300 (47.3%) had “controlled HT” while 333 (52.6%) had “uncontrolled HT”. Mean eGFR was 85.9 ± 14.6 ml/min/1.73 m2 and mean ACR 4.8 (3.3–8.4) mg/g. The mean follow-up time of included participants was 10.8 ± 0.4 years. The mean KFD was -0.49 ± 1.08 ml/min/1.73 m2 per year. A total of 2,912 (70%) participants had a decline in eGFR during the follow-up. The distribution of KFD is presented in Supplementary Figure 1. Table 1 summarizes baseline characteristics of the subjects according to age tertiles. With increasing age tertiles, participants were less frequently men, had higher BMI, higher prevalence of HT, anti-hypertensive drug use, diabetes, and dyslipidaemia but were less frequently smokers. Older participants also had lower eGFR and a higher prevalence of CKD and albuminuria. The incidence of CKD during follow-up and the prevalence of rapid KFD were higher in older participants while the annual KFD showed non-linearity across age tertiles.
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FIGURE 1
Study flowchart. BMI, body mass index.



TABLE 1    Baseline characteristics of included participants according to age tertiles (n = 4,163).
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Effect of age on kidney function decline

The global effect of age on the annual KFD is depicted in Supplementary Figure 2. In addition to age (Table 1), many covariates were significantly associated with KFD in univariate and age-adjusted analyses (Supplementary Table 2). As such, these covariates were sequentially included in multivariate models 1, 2, and 3. Results from univariate as well as multivariate linear regression using tertiles of age as a predictor of KFD are presented in Supplementary Table 3. Significant KFD was shown in all three tertiles of age in every model (individual p-values given in Supplementary Table 3). Moreover, KFD was significantly different across tertiles of age in every model (F test p < 0.001). As such, KFD was significantly more pronounced when comparing older to younger participants. In the fully adjusted model (model 3), KFD for the older participants was −0.60 (−0.85 to −0.34) compared to −0.39 (−0.64 to−0.14) ml/min/1.73 m2 per year in the youngest. Overall, an increase in one log of ACR was associated with an increased in KDF of −0.11 (−0.15 to −0.76) ml/min/1.73 m2 per year.



Effect of hypertension on kidney function decline related to age

In all the above-presented models, a significant interaction was found between age and HT on KFD prediction (p < 0.001 for LRT). Therefore, analyses were stratified based on the presence or absence of HT (Table 2). The unadjusted effect of age on KFD according to HT status is presented in Figures 2A,B. Significant KFD was shown individually in all three tertiles of age in every model, independently of HT status (individual p-values given in Table 2). When considering HT participants, KFD was significantly different across tertiles of age in every model (F test p < 0.001) with old participants having more pronounced KFD compared to young and middle age participants. When considering non-HT participants only, KFD was not significantly different across tertiles of age (F test p = 0.054 in model 3), and borderline in model 2 not accounting for ACR (F test p = 0.049). In the fully adjusted model (model 3), KFD for older participants was −0.82 (−1.12 to −0.52) ml/min/1.73 m2 and −0.45 (−0.71 to −0.19) ml/min/1.73 m2 for HT and non-HT participants respectively. The difference between those with HT or without was no so pronounced in younger categories.


TABLE 2    Linear regression using tertiles of age as a predictor of kidney function decline stratified according to the presence of hypertension (n = 4,163).
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FIGURE 2
Unadjusted effect of age on kidney function decline (ml/min/1.73 m2 per year) according to hypertension status (n = 4,163). (A) Age as a continuous variable, with quadratic fitted line. (B) Age as tertiles categories. KFD, kidney function decline; HT, hypertension.


In sensitivity analyses, HT definition was modified to include only patients with systolic/diastolic BP ≥ 140/90 mmHg independent of treatment status. Results were qualitatively identical with a significant interaction between age and HT on KFD prediction (p < 0.001 for LRT). Analyses were also repeated adjusting for angiotensin-converting enzyme inhibitor (ACE) or angiotensin receptor blocker (ARB), calcium-channel blocker and diuretic medication. Results were qualitatively identical with a significant interaction between age and HT on KFD prediction (p < 0.001 for LRT).



Effect of age and hypertension on rapid kidney function decline and incident chronic kidney disease

In the whole cohort (n = 4,163), only 81 (1.9%) had rapid KFD with an increased incidence in older subjects (Table 1, p < 0.001). In patients without CKD at baseline (n = 4,007), 302 (7.5%) developed new CKD during follow-up. Results from univariate as well as multivariate logistic regression using tertiles of age as a predictor of rapid KFD or incident CKD are presented in Table 3. Log-linearity was confirmed with linear increase in OR across tertiles of age with respect to both rapid KFD and incident CKD. Thus, results are presented as relative increments across tertiles of age rather than individual effect. An increase in tertiles of age was significantly associated with rapid KFD or incident CKD in every model. In the fully adjusted model (model 3), the OR of increasing tertiles of age for rapid KFD and incident CKD prediction was 1.63 (1.17–2.29) and 4.51 (3.54–5.75), respectively. No significant interaction existed between age and HT in the presented models (p > 0.5 for LRT).


TABLE 3    Logistic regression using tertiles of age as a predictor of rapid kidney function decline or incident chronic kidney disease.
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Discussion

In this population-based study including Caucasian participants aged 35–75, we observed a decline in eGFR in 70% of subjects over a 10 year follow-up with a mean KFD of 0.49 ml/min/1.73 m2 per year. After accounting for numerous confounders, age was strongly and non-linearly associated with KFD with a faster decline in older individuals. Thus, KFD in older participants was 0.60 ml/min/1.73 m2 per year as compared to 0.33 ml/min/1.73 m2 per year in middle-aged patients. This effect was however, mainly driven by the presence of HT as normotensive participants had similar rates of KFD across age groups. Nevertheless, aging was overall associated with a linear increase in the risk of incident CKD, regardless of the presence of HT.

It has long been established that kidney function decreases with time as a consequence of physiological aging (7, 8). While a decline in eGFR of around 1 ml/min/1.73 m2 per year starting at around 40 years of age is generally reported, substantial differences in the rate of KFD exist in the literature (31). In 1985, Lindeman et al. reported a decline of 0.75 ml/min per year in eGFR using 24 h creatinine clearance in 254 healthy subjects with a rather long follow-up period (8). Since then, few longitudinal studies reported on the age-associated KFD in large population-based cohorts. Studies focusing exclusively on elderly participants over 65 observed faster rate of eGFR decline with KFD of 2.37 and 2.7 ml/min/1.73 m2 per year in Brazilian and Italian cohorts respectively, (12, 13). In a Canadian population, observed KFD ranged from 0.8 to 2.7 ml/min/1.73 m2 per year depending on gender as well as the presence of diabetes (11). Other available data are derived from cross-sectional studies or observational extension of clinical trials in patients with CKD (32–34). In our study, the mean KFD was 0.49 ml/min/1.73 m2 per year, a rather slow decline in comparison to those prior studies. The main contributor to this discordance is likely represented by the population sample. Compared to previous studies we enrolled a relatively young and healthy population with a low prevalence of risk factors of CKD progression such as HT, diabetes, obesity, and smoking (18, 35–37). Moreover, healthier patients might have been further selected owing to the long follow-up of our study, as excluded patients were globally sicker. At last, Cockcroft-Gault and MDRD eGFR equations were often used in prior studies. In contrast, we used CKD-EPI equation thus potentially resulting in less bias, in particular in a Caucasian population with a low prevalence of CKD (38).

The influence of age on the rate of KFD is a matter of debate. In their seminal study, Lindeman et al. reported that the rate of KFD became faster with aging (8). A Japanese study estimated the rate of KFD over a 10 year follow-up in 120,000 individuals from the general population using MDRD equation (39). While initial kidney function was associated with the subsequent rate of KFD in this study, authors could not detect an independent effect of age as the average KFD was 0.36 ml/min/1.73 m2 per year and similar across age groups from 40 to 79 years old. Similarly, in another Japanese study including 45,000 healthy subjects without HT, diabetes or proteinuria, age did not have an influence on the rate of KFD (15). A more recent study from Israel enrolled more than 2,500 healthy participants from the general population and reported a KFD of 0.97 ml/min/1.73 m2 per year using CKD-EPI equation over a 5 year follow-up (14). They also noted that KFD significantly increased with aging from 0.82 to 1.15 ml/min/1.73 m2 per year in the lowest (20–30 years old) compared to the highest (>50 years old) age group respectively. Those results were, however, not adjusted for potential confounders and albuminuria was notably not included in these analyses. However, albuminuria has consistently been associated with a steeper decline in kidney function in large observational studies (16, 17, 40, 41). We confirmed this association in our longitudinal cohort, as albuminuria was associated both with aging and decline in kidney function. Thus, we could show that albuminuria partially confounded the relationship between aging and subsequent decline in kidney function as accounting for ACR markedly attenuated the effect of age on KFD in multivariate analysis. Overall, an increase in ACR significantly accentuated KFD. The independent effect of age on KFD was, however, still highly significant after adjustment for potential confounders in our cohort. Moreover, this relationship was found to be non-linear with old and middle-aged participants having faster and slower rates of KFD respectively as compared to young participants.

Importantly, we found that the influence of age on the rate of KFD was highly dependent on the presence of HT. In fact, the age effect was blunted in normotensive participants to the point where differences in KFD across age groups could not be detected. In contrast, the presence of HT magnified the effect of age as old hypertensive participants had much faster rates of KFD compared to young and middle aged participants. This phenomenon held true when considering only patients with systolic/diastolic BP ≥ 140/90 mmHg independent of treatment status or when accounting for potential nephroprotection from ACE/ARB medication. In this regard, while a physiological decline of kidney function with age is expected in most individuals, the presence of HT seems to act as an additional burden on its functional reserve, thus substantially accelerating this process. Those findings could point toward a role for optimal HT management as a preventive measure for CKD development in older people. Such a conclusion can, however, not be drawn from observational data. A detrimental effect of HT on eGFR decline has been previously reported in similar studies but interaction analyses were generally not conducted and the intricate interplay between age and HT on the rate of KFD has not been previously described (18, 19, 42). Eriksen et al. found that HT was paradoxically associated with slower eGFR decline in 1,600 participants without diabetes of CKD at baseline (30). Biases inherent to observational studies are, however, likely as this association was specific to the sub-group of patients taking antihypertensive medications and the effect of age was not described in this study. In their Israeli cohort, Cohen et al. did not find an influence of HT on the rate of KFD, but less than 4% of participants had HT (14). Finally, beyond considerations related to the presence of HT, age itself was identified as a strong risk factor for the development of incident CKD as well as rapid decline in kidney function in our cohort. This risk linearly increased with age independently of other predictors of KFD and was not modified by the presence of HT. Globally, aging, HT, and CKD can be perceived as interactive risk factors potentially culminating in clinical frailty, a multidimensional condition associated with susceptibility to stressors and a high risk of death and hospitalization (43). Hypertensive elderly patients are at particularly high risk of frailty and susceptible to physical as well as cognitive decline that could significantly impact their quality of life (44, 45).

Beyond specificities inherent to observational studies, limitations must be taken into account when interpreting our findings. First, a selection bias is possible as excluded participants who did not complete the follow-up were generally sicker than included subjects. This phenomenon is, however, inevitable in large longitudinal cohort studies. Second, kidney function was estimated and not measured. It seems, however, unrealistic to measure GFR in such epidemiological study owing to logistical reasons. Moreover, we used the creatinine-based CKD-EPI equation that has been developed and validated in a population very similar to our study sample. In measuring KFD, we used two time-points and inferred a linear decline over time. While measurement of several time-points would have allowed considering non-linear trajectories, it has recently been shown that eGFR decline could be considered linear over time in non-diabetic as well as diabetic patients (46). Finally, our cohort included Caucasian participants only by design. Potential race discrepancies could therefore not been explored and whether our findings could be extrapolated to other ethnicities is unknown.



Conclusion

A physiological decline in kidney function over time is present in the majority of people from the general population. Age contributes non-linearly to the rate of this decline with older subjects declining the fastest, independently of common risk factors. The presence of HT is, however, a major facilitating factor in this setting as KFD worsened with age only in hypertensive participants. As such, HT can be viewed as a major pathological factor aggravating the age-related physiological decrease in eGFR in the general population. Those findings highlight the importance of HT as a contributor to CKD in aging.
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eGFR (ml/min/1.73 m?) 940+ 133 86.4 £ 12.8 772 £12.7 <0.001
Prevalent CKD 8 (0.6%) 30 (2.2%) 118 (8.5%) <0.001
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CRP (mg/L) 0.9 (0.4-2.1) 1.1 (0.6-2.3) 1.6 (0.8-3.2) <0.001
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ACR > 30 mg/g 56 (4.1%) 61 (4.5%) 97 (7.2%) 0.001

BMI, body mass index; BP, blood pressure; eGFR, estimated glomerular filtration rate; CKD, chronic kidney disease; KED, kidney function decline; CRP, C-reactive protein; ACR, albumin
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Defined as the use of anti-hypertensive drug or a mean systolic/diastolic BP > 140/90 mmHg on office measurement. Bold values indicate p < 0.05.
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Rapid KED (1 = 4,163)

Increasing tertiles of age 2.05 (1.52;2.78) <0.001 1.82 (1.33; 2.51) <0.001 1.65 (1.18; 2.31) 0.003 1.63 (1.17; 2.29) 0.004
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KED, kidney function decline; CKD, chronic kidney disease.

Model 1: Adjusted for gender, education level, dyslipidaemia, CRP, and uric acid.

Model 2: Adjusted as model 1 with the addition of HT, diabetes, and BMI.

Model 3: Adjusted as model 2 with the addition of ACR (n = 3,889 with available ACR data). Bold values indicate p < 0.05.
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Model 1: Adjusted for gender, education level, dyslipidaemia, CRP, uric acid, and interaction term HT x age tertiles.
Model 2: Adjusted as model 1 with the addition of diabetes, BMI, CKD.
Model 3: Adjusted as model 2 with the addition of ACR.
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