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Abstract

Rationale & Objective: Chronic kidney disease (CKD) is complicated by abnormalities that 

reflect disruption in filtration, tubular, and endocrine functions of the kidney. Our aim was to 

explore the relationship of specific laboratory abnormalities and hypertension with the eGFR and 

albuminuria CKD staging framework.

Study Design: Cross-sectional individual participant-level analyses in a global consortium

Setting & Study Populations: 17 CKD and 38 general population and high-risk cohorts

Selection Criteria for Studies: Cohorts in the CKD Prognosis Consortium with data on eGFR 

and albuminuria as well as a measure of hemoglobin, bicarbonate, phosphorous, parathyroid 

hormone, potassium, or calcium, or hypertension.

Data Extraction: Data were obtained and analyzed between July 2015 and January 2018.

Analytic Approach: We modeled the association of eGFR and albuminuria with hemoglobin, 

bicarbonate, phosphorous, parathyroid hormone, potassium, and calcium using linear regression; 

and with hypertension and categorical definitions of each abnormality using logistic regression. 

Results were pooled using random-effects metaanalyses.

Results: The CKD cohorts (n=254,666 participants) were 27% female and 10% black, with 

mean age 69 (SD, 12) years. The general population/high-risk cohorts (n=1,758,334) were 50% 

female and 2% black, with mean age 50 (16) years. There was a strong, graded association 

between lower eGFR and all laboratory abnormalities (odds ratios ranging from 3.27 (95% CI, 
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2.68-3.97) to 8.91 (95% CI, 7.22-10.99) comparing eGFR 15-29 to eGFR 45-59 ml/min/1.73m2); 

whereas albuminuria had equivocal or weak associations with abnormalities (odds ratios ranging 

from 0.77 (95% CI, 0.60-0.99) to 1.92 (95% CI, 1.65-2.24) comparing urinary albumin-creatinine 

ratio (UACR) >300 vs <30 mg/g).

Limitations: Variation in study era, health care delivery system, typical diet, and laboratory 

assays.

Conclusions: Lower eGFR was strongly associated with higher odds of multiple laboratory 

abnormalities. Knowledge of risk associations might help guide management in the heterogeneous 

group of patients with CKD.

Keywords

chronic kidney disease (CKD), glomerular filtration rate (GFR); albuminuria; staging system; 
laboratory tests; diabetes; meta-analysis; CKD Prognosis Consortium; laboratory abnormality; 
CKD stage; kidney function; individual-level meta-analysis; hemoglobin; hematocrit; serum 
potassium; serum bicarbonate; serum intact parathyroid hormone; serum phosphorus; serum 
calcium; hypertension; anemia; hyperparathyroidism

INTRODUCTION

Chronic kidney disease (CKD) is a worldwide public health problem with high risk of 

kidney failure, cardiovascular disease, and death. CKD is defined by both decreased 

glomerular filtration rate (GFR) and presence of kidney damage (most commonly detected 

by albuminuria) and is staged by cause, level of GFR, and albuminuria. Across countries, the 

prevalence of CKD is estimated to be approximately 10-15% among adults, and multiple 

studies have demonstrated the relationship of both GFR and albuminuria to an increased risk 

for mortality, cardiovascular disease, and kidney failure.1-5

In addition to the long-term risk of adverse events, CKD is complicated by the presence of 

abnormalities that reflect disruption in the excretory, metabolic, and endocrine functions of 

the kidney. These abnormalities include anemia, hyperkalemia, acidosis, 

hyperparathyroidism, hyperphosphatemia, and hypocalcemia as well as hypertension, and 

often drive further investigations or treatment decisions. In patients with kidney failure, 

these are often referred to as uremic manifestations, or complications, of kidney disease and 

are quite common. Interestingly, these abnormalities do not occur in all patients with earlier 

stages of CKD. Prior studies in general population and CKD cohorts have documented the 

risk of abnormalities with the level of eGFR or albuminuria,6-9 but few have looked 

comprehensively and concomitantly across the new CKD staging system, which classifies 

the severity of CKD by eGFR (G) and albuminuria (A) stage.10, 11 In addition, the 

consistency of risk associations across diverse global cohorts along a wide range of eGFR, 

albuminuria, age, and diabetes has not been determined.

We utilized the large number of participants in the global Chronic Kidney Disease Prognosis 

Consortium (CKD-PC), covering general, high cardiovascular risk, and CKD cohorts, to 

explore the prevalence and risk of specific laboratory abnormalities and hypertension across 

the 2-dimensional eGFR and albuminuria staging framework. We evaluated whether risk 
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associations were consistent across participant characteristics, such as age, sex, race, and 

diabetes status, as well as individual cohorts. An appreciation of the expected levels of these 

laboratory values within eGFR and albuminuria stages gives important clinical information 

to clinicians, and may provide better guidance to assist in the delivery of individualized and 

precise care to patients.

Methods

Study design and data sources

In this collaborative, individual-level meta-analysis, we used data from CKD-PC member 

cohorts, details of which have been previously described (Item S1 provides an overview of 

the data analysis).12 Cohorts with at least 1,000 adult participants (500 in CKD cohorts) and 

eGFR, albuminuria, and long-term follow-up for mortality or kidney outcomes were invited 

to participate. For the present study, cohorts were additionally required to have a concurrent 

measurement of at least one of the following: hemoglobin or hematocrit, serum potassium, 

serum bicarbonate, serum intact parathyroid hormone, serum phosphorus, serum calcium, or 

hypertension status information. The CKD and the general population or high cardiovascular 

risk cohorts (herein referred to as general population/high-risk) were analyzed separately. 

Three large administrative cohorts (Geisinger, Mt. Sinai BioMe, SCREAM [see Item S2 for 

expansions of study acryonyms]) contributed their entire populations to the general 

population/high risk analysis and their sub-population with eGFR <60 ml/min/1.73m2 to the 

CKD analysis. This study was approved for use of de-identified data by the Institutional 

Review Board at the Johns Hopkins University Bloomberg School of Public Health (IRB 

Number: 3324) and the need for informed consent was waived.

Kidney Measures

As previously described, serum creatinine measurements provided by the cohorts were 

standardized to isotope dilution mass spectrometry traceable values.13 eGFR was estimated 

using the Chronic Kidney Disease Epidemiology (CKD-EPI) creatinine equation.14 

Measures of albuminuria included the urinary albumin-creatinine ratio (ACR), urine albumin 

excretion rate, urinary protein-creatinine ratio, or semi-quantitative dipstick protein. These 

measures were converted to albuminuria stages A1-A3, defined as ACR <30 mg/g, 30-299 

mg/g, and ≥300 mg/g, as previously described.15, 16 In categorical analyses, for comparison 

purposes, we used a reference of eGFR 50 ml/min/1.73m2 and albuminuria stage A1 for 

both general population/high risk and CKD cohorts.

Other Covariates

Age, sex, and race were provided by the individual cohorts. Age was categorized as ≥55 and 

<55 years so as to approximately classify menopausal status in women. Diabetes was 

defined as fasting glucose ≥7.0 mmol/L (126 mg/dL), non-fasting glucose ≥11.1 mmol/L 

(200 mg/dL), hemoglobin A1c ≥6.5%, use of glucose lowering drugs, or self-reported 

diabetes (Item S1). A history of CVD included myocardial infarction, coronary 

revascularization, heart failure, and stroke. Smoking was classified as a binary variable (ever 

vs. never).

Inker et al. Page 5

Am J Kidney Dis. Author manuscript; available in PMC 2020 February 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Outcomes

Outcomes included values of hemoglobin, potassium, serum bicarbonate, serum intact 

parathyroid hormone (PTH), serum phosphorus, and serum calcium, all of which were also 

categorized as binary variables to define anemia, hyperkalemia, acidosis, 

hyperparathyroidism, hyperphosphatemia, and hypocalcemia. Anemia was defined as 

hemoglobin <13 g/L for men and <12 g/L for women (for cohorts with only hematocrit 

available, <39% for men and <36% for women, per WHO guidelines).17 Hyperkalemia was 

defined as potassium >5 mmol/L. Acidosis was defined as a serum bicarbonate level <22 

mmol/L. Hyperparathyroidism was defined as serum intact PTH level >65 pg/mL. 

Hyperphosphatemia was defined as a serum phosphorus >4.5 mg/L. Hypocalcemia was 

defined as an albumin-corrected serum calcium level <8.5 mg/dL. Hypertension was defined 

as systolic blood pressure ≥140 mmHg, diastolic blood pressure ≥90 mmHg, use of 

antihypertensive medications, or a medical diagnosis of hypertension.

Statistical Analysis

Data were analyzed using a two-stage meta-analysis approach within general/high-risk 

population and CKD cohorts separately. First, each cohort was analyzed individually. Next, 

associations were combined using a random effects meta-analysis. Heterogeneity was 

quantified with the I2 statistic and Cochran’s Q test.

To assess the association between eGFR and continuous laboratory values, linear regression 

was performed, regressing the laboratory value on the eGFR splines, categorical albuminuria 

stage, the interaction of the two parameters, and adjusting for demographics, diabetes 

mellitus status, history of CVD, smoking status, BMI, and systolic blood pressure, centered 

at the reference point. To assess the association between eGFR and categorical laboratory 

abnormality, a similar procedure was followed using logistic regression. For analyses of 

hypertension, the approach was identical except analyses were not adjusted for systolic 

blood pressure. Random effects meta-analysis was performed on the difference from the 

reference value to report summary results across the cohorts. Interactions between eGFR and 

albuminuria stage were quantified using the meta-analyzed interaction term for each eGFR 

spline piece. Interactions that met a Bonferroni threshold for statistical significance 

(p<0.05/14 for general population/high risk cohorts, reflecting comparisons of A3 vs. A1 

and A2 vs. A1 for 7 spline pieces and p<0.05/6 for CKD cohorts, reflecting comparisons of 

A3 vs. A1 and A2 vs. A1 for three spline pieces) were reported in the text. For the purposes 

of reporting the association between albuminuria and each laboratory abnormality, effect 

sizes were given at the reference point (80 and 50 ml/min/1.73m2 for general population/

high-risk and CKD cohorts, respectively) since most interactions with eGFR were small and 

not statistically significant.

The adjusted prevalence of each abnormality at each eGFR and albuminuria stage was 

computed for general population/high-risk and CKD cohorts separately. We first converted 

the random-effects weighted, adjusted mean odds at the reference point (eGFR 50 ml/min/

1.73 m2) into a prevalence estimate. We then applied the meta-analyzed odds ratios to obtain 

prevalence estimates at eGFR 95, 80, 65, 35, and 20 ml/min/1.73 m2 (in CKD cohorts, 65, 

35, and 20 ml/min/1.73m2) for each stage of albuminuria with and without diabetes, 
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adjusted to 60 years old, half male, non-black, 20% history of CVD, 40% ever smoker, and 

body-mass index 30 kg/m2. To demonstrate the variation in prevalence estimates across the 

cohorts, we show the 25th and 75th percentiles for prevalence estimates.

We performed the following sensitivity analyses. For analysis of hemoglobin and anemia, 

among CKD cohorts with data on medication use, we excluded users of erythropoietin 

stimulating agents and iron supplements. Similarly, for analyses of potassium and 

hyperkalemia, we excluded users of angiotensin-converting enzyme inhibitors, angiotensin 

II receptor blockers, renin inhibitors, potassium-sparing diuretics, loop diuretics, thiazide 

diuretics, other diuretics, kayexalate, and other anti-hypertensive medications. Next, 

continuous associations were repeated for pre-defined populations of interest by including 

the relevant interaction terms with eGFR or albuminuria: age (<55 years or ≥55 years), sex, 

age and sex (women <55 years or ≥55 years; men <55 years or ≥55 years), race (black or 

non-black), and diabetes status (presence or absence).

All analyses were performed using Stata/MP 14 software (www.stata.com).

Results

Baseline characteristics of participants

There were 254,666 participants in the 17 CKD cohorts (including the CKD subpopulation 

from three administrative high risk cohorts) and 1,758,334 participants in 38 general 

population/high-risk cohorts (Table 1). Tables S1-S6 show the proportion with each 

abnormality and mean value for each laboratory test within individual cohorts. The CKD 

cohorts were 27% female and 10% black, with mean age 69 (SD, 12) years, mean eGFR 50 

(17) ml/min/1.73 m2; 109,143 (44%) had UACR >30 mg/g and 156,421 (62%) had diabetes. 

The general population/high risk cohorts were 50% female and 2% black, with mean age 50 

(16) years and mean eGFR 88 (20) ml/min/1.73m2; 174,914 (10%) had UACR >30 mg/g 

and 286,561 (16%) had diabetes.

Associations between eGFR, albuminuria and laboratory tests

Lower eGFR was associated with lower levels of hemoglobin and bicarbonate, and higher 

levels of potassium, PTH, and phosphorus in the CKD cohorts, with similar associations in 

the general population/high risk cohorts (Figures 1 and 2). For phosphorus, PTH, and 

calcium there appeared to be a sharper increase in risk below eGFR 30 ml/min/1.73m2. For 

the general population/high risk cohorts, where the associations were evaluated across the 

range of eGFR, most of the associations became significant at <60 ml/min/1.73m2 (95% 

confidence intervals do not overlap the x-axis), with the exception of PTH where the 

threshold was 71 ml/min/1.73m2 and of potassium where the association was continuous 

across the range. For all abnormalities, there was quantitative but not qualitative differences 

across the individual cohorts (Figures S1-S6).

Overall, the association of albuminuria stages with laboratory abnormalities was absent or 

minimal in both CKD and general population/high risk cohorts (Figures 1 and 2). In the 

CKD cohorts, higher albuminuria was associated with slightly lower values of hemoglobin 

(−0.24 [95% CI, −0.37 to −0.10] g/dL for A3 vs. A1) and bicarbonate (−0.46 [95% CI, 
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−0.74 to −0.17] mmol/L for A3 vs. A1) and slightly higher values of potassium (0.04 [95% 

CI, 0.01 to 0.07] mmol/L, A3 vs. A1) and phosphorus (0.10 [95% CI, 0.06 to 0 14] mg/dL). 

For PTH, the magnitude of the association with albuminuria differed substantially at eGFR 

<30 ml/min/1.73m2, with larger effect sizes in this range in the CKD cohorts. For calcium, 

higher levels of albuminuria were associated with higher levels of (albumin-corrected) 

calcium at higher but not lower levels of eGFR.

In sensitivity analyses in CKD cohorts with available medications, the results for 

hemoglobin were consistent when participants using iron supplementation and 

erythropoietin stimulating agents were excluded (Figure S7). After excluding medications 

known to affect potassium, the small difference by level of albuminuria was no longer 

statistically significant (A3 vs. A1: 0.02 [95% CI, −0.02 to 0.07] mmol/L) (Figure S8).

After adjusting for albuminuria, people with diabetes had similar relationships between 

laboratory abnormalities and eGFR (Figures S9-S10), although for the same level of eGFR, 

participants with diabetes consistently had lower levels of hemoglobin and bicarbonate, and 

higher levels of potassium and phosphorus. For example, in CKD cohorts, the difference in 

hemoglobin level by diabetes status was −0.43 (95% CI, −0.57 to −0.28) g/dL, which was 

slightly smaller than the difference in hemoglobin level between eGFR 30 and 50 ml/min/

1.73m2 (−0.81 [95% CI, −0.91 to −0.72] g/dL). There were also consistent relationships 

between eGFR and laboratory abnormalities in participants <55 years old and ≥55 years old 

(Figures S11-S12). Similar relationships were seen by sex (Figures S13-S14) and when 

grouped by age as a proxy for menopausal status (women <55 years old and ≥55 years old; 

Figures S15-S16). However, for the same level of eGFR and other covariates, women had 

lower levels of hemoglobin and potassium and higher levels of bicarbonate, phosphate, and 

calcium compared to men. Although there were few cohorts with both black and non-black 

participants, associations between eGFR and laboratory abnormalities were also consistent 

by race (Figures S17-S18).

Associations of eGFR and albuminuria with categorical laboratory abnormalities

Overall, there was an increase in the risk for each laboratory abnormality by category of 

lower eGFR (Figure S19). For example, odds ratios ranged from 3.27 (95% CI, 2.68-3.97) to 

8.91 (95% CI, 7.22-10.99) across abnormalities, comparing eGFR 15-29 to eGFR 45-59 

ml/min/1.73m2. There was a lesser gradient observed for higher albuminuria [odds ratios 

ranging from 0.91 (95% CI, 0.73-1.13) to 1.80 (95% CI, 1.26-2.58) across abnormalities, 

comparing A3 to A1]. In both general population/high-risk and CKD cohorts, anemia and 

hyperparathyroidism were the most common laboratory abnormalities for a given eGFR and 

albuminuria stage, and hypocalcemia was the least common (Figure 3 and S20). In the CKD 

cohorts, the estimated prevalence of anemia, hyperkalemia, and hyperphosphatemia was 

higher in persons with diabetes vs. those without diabetes, but lesser or no differences were 

observed for the other abnormalities. In the general population/high-risk cohorts, differences 

by diabetes status were generally smaller.
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Associations of eGFR and albuminuria with hypertension

For the CKD cohorts, there was no association between eGFR and hypertension, but 

albuminuria was an independent risk factor (adjusted OR for stage A3 vs. A1: 1.42 [95% CI, 

1.12-1.80]). At higher levels of eGFR observed in the general population/high risk cohorts, 

the association between eGFR and hypertension was slightly stronger, as was the association 

with albuminuria (adjusted OR for stage A3 vs. A1: 2.77 [95% CI, 2.26-3.39]) (Figure 4). 

There were quantitative but not qualitative differences across the individual cohorts (Figure 

S21). Results were also similar by predefined populations of interest (Figures S22-S23).

Discussion

In this large, individual-level meta-analysis of participants from more than 50 cohorts 

including more than two million participants, we describe the association of laboratory 

abnormalities and hypertension with level of eGFR and albuminuria across CKD and 

general population/high-risk cohorts, geographic regions, and individual characteristics 

including diabetes, age, sex, race, and a proxy for menopausal status. We found a consistent 

and graded association of hemoglobin, potassium, bicarbonate, PTH, phosphorus as well as 

calcium in the lower range of eGFR, which was only modestly affected by level of 

albuminuria, with the exception of PTH in CKD cohorts. For a given level of eGFR and 

albuminuria, we observed that the most common laboratory abnormalities were anemia and 

hyperparathyroidism, particularly among the CKD cohorts. The relationship between eGFR 

and hypertension was present only in the general population/high risk cohorts, perhaps 

reflecting the fact that the majority of patients with CKD have a diagnosis of hypertension.

Multiple studies have documented the association of risk of laboratory abnormalities with 

eGFR,1, 6-9 but few studies examined associations with albuminuria. In the Modification of 

Diet in Renal Disease (MDRD) Study, lower levels of eGFR, but not higher levels of urine 

protein, were strongly associated with anemia, hypoalbuminemia, acidosis, and 

hyperphosphatemia and hypertension.11 Similarly, in the National Health and Nutrition 

Examination Survey (NHANES), a representative population cohort in the United States, 

lower eGFR was strongly associated with anemia, hypoalbuminemia, acidosis, hypertension, 

and hyperparathyroidism, but there was minimal association between higher levels of 

albuminuria and all of these abnormalities.10 In our study, we expanded upon these studies 

by using both continuous values of the laboratory tests and categorical assessments of the 

abnormalities, and demonstration of the consistency of the risk associations across CKD and 

general population/high risk cohort, geographic regions, and participant characteristics 

including diabetes, age, sex, race, and a proxy for menopausal status. Although we found the 

relative risks to be fairly consistent within subgroups and across cohorts, the large number of 

cohorts allowed us to investigate heterogeneity in adjusted absolute risk. We report that the 

adjusted prevalence varies by type of cohort (CKD vs. general population/high-risk) as well 

as between individual cohorts, with as much as 5-fold variation between individual cohorts 

at the 25th and 75th percentile of adjusted risk.

There are potential public health, clinical, and research implications from this study. First, in 

the general population/high-risk cohorts, where the associations between laboratory 

abnormality and eGFR were observed throughout the eGFR range, many abnormalities 
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appeared or worsened at a threshold near 60 ml/min/1.73m2. In both the general population/

high risk cohorts and the CKD cohorts, there was a graded association with abnormalities at 

lower levels of eGFR, and the results were consistent by key subgroups including diabetes 

status, sex, age, and race. These data provide further support for the current definition and 

staging system based on eGFR, with eGFR <60 ml/min/1.73m2 as the threshold for disease 

classification and severity of CKD, regardless of subgroups.1, 6 The absence of strong 

associations with albuminuria reinforce the KDIGO guideline recommendations for 

frequency of these laboratory tests based on eGFR stage, but not albuminuria stage.18 

Second, these data may assist clinicians to better characterize the severity of kidney disease 

and direct intensity of investigation and care, such as range and frequency of testing for 

abnormalities. For example, for some abnormalities, higher prevalence was observed in 

persons with diabetes. Third, these data may guide interpretation of the potential etiology of 

the observed abnormality. For example, even in those with eGFR 15-29 ml/min/1.73m2, only 

approximately 25% and 40% of the general population/high risk and CKD populations, 

respectively, had anemia. Thus, a finding of anemia in patients with severe reduction of 

eGFR should not preclude investigations for other causes; similarly, finding of anemia at 

higher levels of eGFR is less likely to be attributable to kidney disease alone. Finally, the 

data might improve identification of individuals for entry into studies examining progression 

of CKD, if the prevalence of laboratory abnormalities provides prognostic information in 

addition to eGFR and albuminuria values.19

Strengths of this study include the large number of cohorts and sample size that allow for 

description of the association of kidney measures, hypertension, and laboratory 

abnormalities across a variety of clinical settings. Risk associations were fairly consistent 

across individual cohorts, and between the general population/high risk and CKD cohorts. 

Where data were available, we described similar associations between users and nonusers of 

medications that could affect laboratory abnormalities, such as erythropoietin stimulating 

agents for hemoglobin and medications that affect potassium. Limitations include variation 

between individual cohorts in study era, health care delivery systems, diet, and laboratory 

assays, which may explain some of the observed varation in prevalence estimates. 

Differences in study era and health systems might have led to different patterns of testing, 

whereas assay differences could affect categorical definitions of the laboratory abnormalities 

and their association with eGFR or albuminuria stage. In particular, assays for PTH, 

calcium, and albumin (required for adjustment of the calcium) are known to vary widely. 

Improvements in assay standardization and precision could reveal stronger associations. 

Regional variation in diet could have led to between-cohort differences in several of the 

abnormalities including anemia, hyperkalemia, and acidosis. Information on medications 

was limited and only included erythropoietin stimulating agents, iron supplementation, 

renin-angiotensin system inhibitors, and diuretics. Thus, our estimates reflect as-treated 

eGFR, albuminuria, and abnormalities. Covariates used in adjustment were occasionally 

missing, requiring imputation, which underestimates their variability. We were able to 

examine differences in associations by diabetes status, but not by cause of kidney disease. 

Various primary causes of kidney diseases might affect excretory, metabolic, and endocrine 

kidney functions differently. Prevalence estimates for each abnormality varied by individual 

cohort even after taking into account eGFR, albuminuria, and measured participant 
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characteristics, likely reflecting differences in selection into individual cohorts or 

unmeasured determinants of that abnormality (e.g., variation in anemia might be explained 

by a higher prevalence of beta thalassemia in certain populations).

This study provides a comprehensive description of level of abnormalities by eGFR and 

albuminuria level. The results supports the current definition and staging system for all 

populations and set the stage for further refinements of individualized clinical action plans 

for patients with CKD. Future studies should address how these abnormalities vary by cause 

of disease, how they appear in combination with other abnormalities in individual patients, 

and importantly, how the risk for kidney failure, death, and other adverse events differs 

based on presence or absence of specific abnormalities and their combination. Finally, 

previous clinical trials aimed at treating these abnormalities have generally targeted specific 

solitary thresholds for abnormalities. A better understanding of expected values within 

specific eGFR categories may allow targeting of different thresholds depending on eGFR. 

Improved understanding of the complexity of kidney diseases by a more thorough 

characterization of the different laboratory abnormalities reflecting multiple functions of the 

kidney may help optimize investigation and care for the heterogeneous group of patients 

with CKD.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Associations between estimated glomerular filtration rate (eGFR) and continuous laboratory 

measures by albuminuria stages in chronic kidney disease cohorts: (A) hemoglobin, (B) 

potassium, (C) bicarbonate, (D) parathyroid hormone, (E) phosphorus, and (F) calcium. The 

y-axis depicts the meta-analyzed difference from the mean adjusted value at eGFR of 50 

mL/min/1.73 m2 and albuminuria wih albumin excretion < 30 mg/g. eGFR was modeled as a 

3-piece linear spline with knots at 30 and 45 mL/min/1.73 m2; the reference point in 

continuous analysis was set at 50 mL/min/1.73 m2.
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Figure 2. 
Association between estimated glomerular filtration rate (eGFR) and continuous laboratory 

measures by albuminuria stages in general population and high-risk cohorts: (A) 

hemoglobin, (B) potassium, (C) bicarbonate, (D) parathyroid hormone, (E) phosphorus, and 

(F) calcium. The y- axis depicts the meta-analyzed difference from the mean adjusted value 

at eGFR of 80 mL/min/1.73 m2 and albuminuria with albumin excretion < 30 mg/g. eGFR 

was modeled as a 7-piece linear spline with knots at 30, 45, 60, 75, 90, and 105 mL/min/

1.73 m2; the reference point in continuous analysis was set at 80 mL/min/1.73 m2.
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Figure 3. 
Meta-analyzed adjusted prevalence (25th and 75th percentile cohort) of abnormalities 

(categorical laboratory measures) in chronic kidney disease by diabetes status. The adjusted 

prevalence of each abnormality at each estimated glomerular filtration rate (eGFR) and 

albuminuria stage was computed as follows: first, we converted the random-effects weighted 

adjusted mean odds at the reference point (eGFR, 50 mL/min/1.73 m2) into a prevalence 

estimate. To the reference estimate, we applied the meta-analyzed odds ratios to obtain 

prevalence estimates at eGFRs of 95, 80, 65, 35, and 20 mL/min/1.73 m2 for each stage of 

albuminuria with and without diabetes. The prevalence estimates were adjusted to 60 years 

old, half men, nonblack, 20% history of cardiovascular disease, 40% ever smoker, and body 

mass index of 30 kg/m2. The 25th and 75th percentiles for predicted prevalence were the 

estimates from individual cohorts in the corresponding percentiles of the random-effects 

weighted distribution of adjusted odds. This was done separately for each abnormality. Note 

that the cohorts included in the analyses of each abnormality may differ based on data 

availability. For example, the cohort in the 25th percentile of anemia may not be the same as 

the cohort in the 25th percentile of hyperparathyroidism. Color coding is based on odds ratio 

quartile within each abnormality. Bold red font indicates the reference cell. Definitions of 

each abnormality are as follows: anemia: Hgb, male < 13 g/dL, female < 12 g/dL; Hct, male 

< 39%, female < 36%; hyperkalemia: potassium > 5 mmol/L; acidosis, bicarbonate < 22 

mmol/L; hyperparathyroidism, intact parathyroid hormone > 65 pg/mL; hyperphosphatemia, 

phosphorus > 4.5 mg/dL; and hypocalcemia, corrected calcium < 8.5 mg/dL.
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Figure 4. 
Association between estimated glomerular filtration rate (eGFR) and hypertension by 

albuminuria stages in (A) chronic kidney disease (CKD) cohorts and (B) general population 

and high-risk cohorts. Abbreviations: A1, A2, A3 refer to albuminuria stages: A1, <30 mg/g; 

A2, 30-299 mg/g; and A3, 300+ mg/g. The y-axis refers to the meta-analyzed adjusted odds 

ratio and 95% confidence interval compared to a reference of eGFR of 50 (80 in the right 

graph) mL/min/1.73 m2 in A1 (black diamond). In analyses of the general population/high-

risk cohorts, eGFR was modeled as a 7-piece linear spline with knots at 30, 45, 60, 75, 90, 

and 105 mL/min/1.73 m2; the reference point in continuous analysis was set at 80 mL/min/

1.73 m2. In analyses of CKD pop-ulations, eGFR was modeled as a 3-piece linear spline 

with knots at 30 and 45 mL/min/1.73 m2; the reference point in continuous analysis was set 

at 50 mL/min/1.73 m2.
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