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Abstract

Background—The metabolic syndrome (MetS), as assessed using dichotomous criteria, is 

associated with increased risk of future chronic kidney disease (CKD), though this relationship is 

unclear among African Americans, who have lower risk for MetS but higher risk for CKD.

Methods—We performed logistic regression using a sex- and race-specific MetS-severity z-score 

to assess risk of incident CKD among 2,627 African-American participants of the Jackson Heart 

Study, assessed at baseline and 8 years later. Based on quartile of baseline MetS severity, we 

further assessed prevalence of being in the lowest quartile of baseline GFR, the lowest quartile of 

relative GFR at follow-up, microalbuminuria and incident CKD.

Results—Higher MetS-severity was associated with higher prevalence of GFR in the lowest 

quartile at baseline among males and females. Among African-American females but not males, 

higher baseline MetS-severity was associated with a higher prevalence of baseline elevations in 

microabuminuria (p<0.01), steep decline in GFR (p<0.001) and a higher incidence of CKD 

(p<0.0001). Women in increasing quartiles of baseline MetS-severity exhibited a linear trend 

toward higher odds of future CKD (p<0.05), with those in the 4th quartile of MetS-severity 

(compared to the 1st) having an odds ratio of 2.47 (95% confidence interval 1.13, 5.37); no such 

relationship was seen among men (p value for trend 0.49).
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Conclusions—MetS-severity exhibited sex-based interactions regarding risk for future GFR 

deterioration and CKD, with increasing risk in women but not men. These data may have 

implications for triggering CKD screening among African-American women with higher degrees 

of MetS-severity.
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INTRODUCTION

Chronic kidney disease (CKD) represents a deterioration in kidney function, marked by low 

glomerular filtration rate (GFR), protein losses in the urine, and potential progression to end-

stage renal disease (ESRD), with ultimate need for dialysis. CKD is influenced by 

underlying diabetes and is itself an independent risk factor for cardiovascular disease (CVD)

[1]. African Americans are disproportionately affected by CKD and ESRD[2, 3], further 

raising the need to identify and characterize risk factors that could be used to initiate 

preventive measures. In addition, with loosening criteria for kidney donation, new tools are 

needed to assess usability of kidneys from patients of non-ideal health status[4].

One predictor of CKD risk is the metabolic syndrome (MetS), a cluster of cardiovascular 

risk factors including central obesity, high blood pressure (BP), high triglycerides, low HDL 

cholesterol and elevated fasting glucose[5, 6]. These abnormalities appear to be driven by 

common underlying processes such as altered adipocyte metabolism, systemic 

inflammation, oxidative stress and cellular dysfunction[7, 8]. MetS has traditionally been 

classified by the presence of abnormalities in at least 3 of the individual components, using 

criteria such as those of the Adult Treatment Panel-III (ATP-III)[5]. While MetS has 

primarily been assessed as a risk factor for type 2 diabetes and CVD, the presence of ATP-

III MetS has been linked to risk for CKD, with odds ratios of 1.3–2.1 [9–12]. Importantly, 

these studies all identified this risk independent of baseline diabetes, highlighting the need to 

address MetS to help prevent future CKD[13].

Nevertheless, traditional MetS criteria have multiple limitations, including their binary 

classification and racial/ethnic discrepancies in which African Americans are under-

diagnosed despite higher risk of diabetes, CVD and CKD[14–18]. We developed a sex- and 

race/ethnicity-specific MetS severity score[19, 20] that can be followed over time[21] and is 

linked to future risk of CVD[22, 23] and diabetes[24, 25] independent of the individual 

MetS components—overcoming many of the shortcomings of ATP-III MetS criteria. 

However, the relationship between the degree of MetS severity and future CKD is unclear.

The goals of the current study were to assess a prospective cohort of African Americans 

without diabetes at baseline for 1) the relationship between baseline MetS severity and 

subsequent CKD and 2) links between MetS severity, worsening GFR and 

microalbuminuria, both on a sex-specific basis. We hypothesized that higher MetS severity 

at baseline would be linked to subsequent development of CKD, lower GFR and higher 

urinary albumin-to-creatinine ratio. This study, the first to assess the severity of MetS and 
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CKD risk, may have implications for clinical assessment of CKD risk in African American 

patients.

MATERIALS AND METHODS

The Jackson Heart Study Cohort

The Jackson Heart Study (JHS) is the largest longitudinal, single-site study of cardiovascular 

risk in African Americans. The cohort consists of 5,301 participants age 21–95 years [26]. 

We utilized data from JHS Visit 1 (2000–2004) and Visit 3 (2009–2013). During Visit 1, 

certified interviewers gathered information regarding income, education, and lifestyle 

factors, including tobacco smoking, dietary patterns and the amount of physical activity[26]. 

Participants had MetS components measured using standardized protocols[26–28]. 

Creatinine was determined via multipoint enzymatic spectrophotometric assay (Ortho-

Clinical Diagnostics, Raritan, NJ)[28]. Urine albumin and creatinine was determined from 

spot urine samples on a subset of participants[29].

CKD assessments

CKD staging and severity was assessed by estimated GFR (eGFR) using the Chronic Kidney 

Disease Epidemiology Collaboration equation (CKD-EPI)[30]:

eGFR = 141 × min (Serum Cr/κ, 1)α × max (Serum Cr/κ, 1)−1.209 × 0.993Age × 1.159[if black] × 1.018[if
female]

where κ=0.7 if female and 0.9 if male; α=−0.329 if female and −0.411 if male; min=the 

minimum value of Serum Cr/κ or 1; max=the maximum value of Serum Cr/κ or 1; and 

age=years. CKD was defined as eGFR <60 mL/min/1.73 or on dialysis[31]. Overall kidney 

function assessments of interest between Visits 1 and 3 were CKD staging, binary 

classifications of CKD, continuous eGFR and relative decline in eGFR (calculated as Visit 3 

GFR – Visit 1 GFR)/Visit 1 GFR * 100). Further, Visit 1 GFR and relative decline in GFR 

were both categorized into quartiles for each participant using the analytic sample in 

calculating reference cut-offs by quartile.

Urine albumin-to-creatinine ratio (ACR) was calculated. Microalbuminuria was defined as 

having ACR ≥30[29].

MetS severity assessment

Traditional MetS was defined using the ATP-III criteria for adults[5]; participants had to 

meet ≥3 of the following 5 criteria: concentration of triglycerides ≥150 mg/dL (1.69 

mmol/L), HDL-C <40 mg/dL (1.04 mmol/L) for men and <50 mg/dL (1.3 mmol/L) for 

women, waist circumference (WC) ≥102 cm for males and 88 cm for females, glucose 

concentration ≥100 mg/dL (5.55 mmol/L), and systolic BP ≥130 mmHg or diastolic BP ≥85 

mmHg[5].

Continuous MetS severity z–scores at baseline were calculated for participants using sex- 

and race-based formulas. As described elsewhere [19, 20], these scores were derived using 
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confirmatory factor analysis for the 5 traditional MetS components (WC, triglycerides, 

HDL-cholesterol, systolic BP, fasting glucose) to determine the weighted contribution of 

each component to a latent MetS “factor” on a sex- and race/ethnicity-specific basis. 

Confirmatory factor analysis was performed among adults 20–64 years from the National 

Health and Nutrition Examination Survey (NHANES) with categorization into six sub-

groups based on sex and race/ethnicity (non-Hispanic-white, non-Hispanic-black and 

Hispanic). For each of these six population sub-groups, loading coefficients for the 5 MetS 

components were transformed into a single MetS factor and used to generate equations to 

calculate a standardized MetS severity score for each sub-group (http://mets.health-

outcomes-policy.ufl.edu/calculator/). The resulting MetS-severity scores are z-scores 

(normally-distributed and ranging from theoretical negative to positive infinity with mean=0 

and SD=1) of relative MetS severity on a sex- and race/ethnicity-specific basis. These scores 

have been validated in that they correlate strongly with other markers of MetS risk[32], 

including hsCRP[19], uric acid[19], the homeostasis model of insulin resistance[19], and 

adiponectin[33] and—more importantly—with long-term risk of CVD[22, 23] and 

diabetes[24, 25], including in the population in this analysis[24, 25].

Statistics

Participants with baseline CKD, diabetes, missing MetS components or eGFR were 

excluded from analysis (Figure 1). Because ACR was only available in a subset, analyses 

regarding the relationship between MetS severity and ACR were performed on a smaller 

analytic subset. Baseline descriptives for Visit 1 and Visit 3 were computed overall and by 

sex.

Percentiles of MetS severity, Visit-1 eGFR, and relative decline in eGFR (eGFR at Visit 3 

relative to Visit 1) were computed for each participant. Given the MetS severity score is a z-

score, percentiles correspond to the calculated z-score (i.e., these percentiles correspond to 

where participants would fit in the derivation cohort). Percentiles for the eGFR outcomes 

were calculated based on the analytic sample. Quartiles of Visit-1 MetS severity were 

examined for associations with Visit-1 eGFR <25th percentile, relative eGFR at Visit 3 <25th 

percentile, and CKD at Visit 3. The Cochran-Armitage test was used to test for trends across 

increasing MetS-severity quartiles for each outcome.

Logistic regression models were used to examine the odds of low Visit-1 eGFR (<25th 

percentile), rapid decline in eGFR between Visits 1 and 3 (<25th percentile of Visit 3 eGFR 

relative to Visit 1), and CKD at Visit 3. For each outcome, four primary models were used. 

The first utilized MetS-severity quartiles as a predictor to examine overall odds of the 

outcome; the second included a MetS x sex interaction to assess whether MetS-related 

associations differed between males and females. We then repeated these two modeling 

frameworks, using ATP-III MetS as a predictor. All models adjusted for age and sex; in the 

case of the Visit 3 outcomes, we also adjusted for Visit 1 eGFR. Lifestyle and 

sociodemographic variables found to be different between males and females were 

considered as confounders as well. Confounders were examined only for the model of odds 

of CKD at Visit 3 as a function of MetS severity (our primary model). We included all 

possible confounders after our initial comparisons in a fully-adjusted model, and removed in 

DeBoer et al. Page 4

Kidney Blood Press Res. Author manuscript; available in PMC 2018 October 06.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

http://mets.health-outcomes-policy.ufl.edu/calculator/
http://mets.health-outcomes-policy.ufl.edu/calculator/


stepwise fashion those variables who were not significant predictors of the outcome in their 

own right and did not change any MetS odds ratio estimate by more than 15%. This was 

done in an iterative fashion on only those subjects with complete confounder data. The 

reference category for MetS-severity quartiles was <25th percentile. Rapid decline in eGFR 

was defined as a decline >16.8% of the Visit-1 GFR value. For models which used MetS-

severity quartiles as a predictor, linear-trend p-values were assessed overall and by sex. 

Because of the small analytic subset with ACR measures and relatively few events of 

elevated ACR, regression analysis was not performed for this outcome. Statistical 

significance was classified as a p-value<0.05.

RESULTS

Participant characteristics

Table 1 displays participant characteristics for the 2627 individuals meeting inclusion 

criteria. Participants had mean age 52.8±12 years and mean BMI 31.2±7.1 kg/m2. ATP-III 

MetS was present in 30.3% of females and 24.4% of males (p=0.0008). MetS-severity z-

score was −0.1±0.7 at baseline for both sexes. eGFR (ml/min/1.73 m2) at Visits 1 and 3, 

respectively, were 99.3±18.1 and 90.3±20.8 for females and 95.8±16.6 and 86.9±19.3 for 

males. In the subset with ACR measure (n=1291), the proportion with elevated ACR at 

Visits 1 and 3 was 5.5% and 6.1% for males and 6.9 and 7.4% for females. Over a mean 8.0 

years of follow-up, ≥Stage 3 CKD developed in 7.4% of women and 8.6% of men.

Relationship between MetS severity quartile and eGFR, eGFR decline and future CKD

Table 2 and Figure 2 display proportions of four separate findings by baseline MetS severity 

quartile: 1) having eGFR <25th percent at baseline; 2) exhibiting a high relative decline of 

eGFR (<25th percentile of Visit 3 eGFR relative to Visit 1); 3) incident CKD by Visit 3; and 

4) elevated ACR (in the subset with ACR measure). Overall results are displayed in Table 2 

and results by sex in Figure 2. Increasing MetS-severity quartile was associated with the 

following: 1) a greater proportion of participants having a low baseline eGFR (p<0.01 in 

both sexes)(Figure 1A); 2) a higher proportion of having high relative decline in eGFR only 

in females, with a trend toward the opposite finding in males (p=0.065)(Figure 1B); 3) a 

higher proportion incident CKD in females (p<0.0001) but not males (p=0.505)(Figure 2C); 

and 4) a greater proportion of elevated ACR overall at Visits 1 and 3, which on a sex-specific 

basis was only present in females at Visit 1.

Logistic regression of MetS severity and low baseline GFR

Table 3 provides odds of low eGFR (<85.1, 25th percentile) at Visit 1 from models that 

looked at overall odds (first set of columns) as well as sex-specific odds (via a MetS x sex 

interaction and shown in columns by sex), done separately for both MetS-severity quartile 

(Model 1) and ATP-III MetS. Our confounding analysis led to final adjustment by Visit-1 

age, physical activity, nutrition, and current smoking status. Income was not found to be a 

confounder (i.e., its inclusion in the models did not change the odds ratio estimates) and was 

not associated with low eGFR by itself, so it was not included in these final models. In 

assessing MetS-severity (with <25th percentile as the referent), the overall model revealed a 

tendency for higher odds of low baseline eGFR for ascending quartiles, though this was 
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significant only for the 3rd MetS-severity quartile (OR=1.53 [1.14, 2.05]). The model that 

included a MetS x sex interaction clarified that odds of low baseline GFR were higher for 

males in the 3rd MetS-severity quartiles (OR 1.97 [1.23, 3.17]). Among females in this 

model, there was no significant relationship between MetS severity quartile and low baseline 

eGFR.

The model with ATP-III MetS (vs. not) had a significantly higher odds of low baseline 

eGFR (OR=1.26 [1.02, 1.55]) that was not statistically-significant when considered on a sex-

specific basis.

Logistic regression of MetS severity and future CKD

The top half of Table 4 provides model results of odds of CKD at Visit 3, with the same 

adjustments as described above, with the added adjustment of Visit 1 eGFR. For the overall 

sample, participants in the 3rd MetS-severity quartile (vs. the 1st) had a higher odds of future 

CKD (OR=1.88 [1.09, 3.25]). On a sex-specific basis, there was a higher odds of future 

CKD for women in the 4th quartile (OR=2.47 [1.13, 5.37]) and a significant trend of 

increasing OR’s for increasing MetS-severity quartiles (p=0.01). No associations or trends 

were observed among males.

Participants with ATP-III MetS at baseline did not have greater odds of later CKD, either 

overall or on a sex-specific basis.

Logistic regression of MetS severity and greater decline in GFR

The bottom half of Table 4 provides odds of having a high relative decline in eGFR between 

Visits 1 and 3 (>16.8%) for MetS-severity quartile and ATP-III MetS, both overall and by 

sex (with the same adjustments as the models of Visit 3 CKD odds). There was no 

significant relationship between MetS-severity quartile and odds of high relative decline of 

eGFR for the overall or among females (p-value for trend =0.20). Among males, there was a 

surprising protective effect of being in the 3rd MetS-severity quartile relative to the 1st 

quartile (OR=0.64 [0.42, 0.94]).

Participants with ATP-III MetS (vs. not) did not have a greater odds of exhibiting high 

relative decline in eGFR, overall or on a sex-specific basis.

DISCUSSION

Whereas prior studies evaluated for CKD risk associated with dichotomous MetS criteria[9–

12], we used a sex- and race/ethnicity-specific MetS-severity z-score to evaluate 

relationships between the degree of MetS severity and risk for progression to CKD in an 

African-American cohort without baseline diabetes. Baseline MetS severity exhibited an 

expected inverse relationship with baseline eGFR in both sexes, as seen previously using 

ATP-III criteria[34]. Intriguingly, however, we found sex differences in longitudinal 

relationships with MetS severity, with females (but not males) exhibiting correlations 

between baseline MetS severity and both subsequent worsening eGFR and progression to 

CKD. The extent of these relationships among females suggests potential clinical benefit of 

following MetS severity over time among African-American women. Just as higher baseline 
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MetS severity and greater rise over time has been associated with risk for future CVD[22, 

23] and diabetes[24, 25], this higher risk for CKD could prompt evaluation for worsening 

kidney function—potentially identifying disease at an earlier time point. These findings are 

important, particularly because this could then prompt earlier treatment of CKD among 

African-American women, who are disproportionately affected with CKD and progression 

to ESRD. Additionally, a score such as this may have implications regarding organ donation 

acceptability from individuals with otherwise borderline status based on BP, BMI or eGFR

—with higher MetS severity suggesting increased underlying damage raising potential risk 

for ultimate deterioration of function, even in a recipient without MetS[4].

Among males, we were surprised to find that men in the highest quartile of baseline MetS 

severity appeared if anything protected against later CKD (Figure 2C). There was a similar 

lack of association of ATP-III MetS with future CKD in men, which is notable, as African-

American men have not been highly represented in prior MetS-CKD studies. We also noted 

a trend (p=0.065) toward an unusual paradoxical association of higher baseline MetS 

severity being associated with less deterioration in eGFR among men (Figure 2B). These 

findings were surprising and may be hypothesis generating. One hypothesis is that this 

reflects hyperfiltration, in which the kidney compensates for increased metabolic demands, 

as noted in obesity[35], insulin resistance[36], MetS[37], and subclinical CVD[38]. This 

could increase GFR, with initial decrease in CKD. Ultimately, however, the etiology of these 

sex differences remains unknown, as men are overall more likely than women to progress to 

CKD[39]. Another hypothesis is that African-American men experience a greater proportion 

of non-MetS causes of CKD. Nevertheless, the sex-specific differences in our analyses 

persisted following adjustment for CKD risk factors such as smoking [40], low physical 

activity and poor nutrition[41] which were more common among men in this cohort. 

Another hypothesis is that these sexually dimorphic findings are related more so to obesity, 

as women in this cohort had a higher prevalence of obesity, an independent risk factor for 

development of CKD[42].

The NIH has encouraged sex-specific analyses because of growing appreciation of diverging 

physiological/pathophysiological effects of many processes by sex, including for renal 

pathology. While men are overall more likely to progress to CKD[39], women have been 

noted to be at both higher[43] and lower[44] risk of acute kidney injury (AKI) following 

cardiac surgery, depending on the AKI criteria used. Additionally, a Dutch study of white 

individuals (mean age 49 years) found that BMI and plasma glucose had a greater 

relationship with the degree of urinary albumin excretion among men than among 

women[45]. Finally, with respect to MetS and CKD, a prior cross-sectional analysis of a 

Chinese cohort found that ATP-III MetS was more strongly associated with lower eGFR in 

males compared to females[34]. While causative etiologies remain elusive, these studies 

support the potential for sex differences in the progression of renal disease. Nevertheless, 

multiple longitudinal cohort studies in white and Asian cohorts have not reported sex 

differences in ATP-III MetS as a predictor of future CKD[9–12] including a meta-analysis of 

such studies[6]. This could mean that this relationship is not present in other racial/ethnic 

groups or that ATP-III MetS, in addition to its known racial/ethnic discrepancies[15–17], is 

not as effective at detecting sex-based differences.
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We did not observe MetS-related findings using ATP-III MetS in this cohort, as noted 

elsewhere[46]. A prior cross-sectional study from JHS Visit 1 determined that ATP-III MetS 

carried an OR of 2.2 for current CKD[47]. However, that analysis did not exclude diabetes, 

raising the potential for confounding between the effects of diabetes and the abnormalities 

related to MetS—either from the pathological processes underlying MetS[7, 8] or the 

individual MetS components. Indeed, the prior study found certain combinations of MetS 

abnormalities conferred stronger risk than others, including multiple combinations involving 

glucose elevations[47]. We excluded participants with baseline diabetes to assess for CKD 

risk in the absence of extreme baseline glucose elevations. We noted similar prevalence of 

incident diabetes by sex. That baseline MetS severity remained linked with CKD among 

women suggests risk associated with MetS severity that was not captured by dichotomous 

ATP-III MetS criteria.

MetS appears from prior studies to contribute to renal damage through a variety of 

mechanisms, including secretion of angiotensinogen by visceral adipocytes[48], lipotoxicity 

from high levels of triglycerides[49], sodium retention from insulin resistance[13] and 

glomerular damage from oxidative stress[50], as well as ongoing effects of hypertension. 

However, it is unclear how these processes may differ between sexes, requiring further 

investigation.

This study had several limitations. We evaluated data from a large cohort in the Jackson area 

of Mississippi, and it is unclear whether these results can be generalized to African-

American individuals from other areas. Assessment of GFR using creatinine has limitations, 

leading to use of additional factors such as cystatin C, which was unavailable in this cohort. 

We had ACR measures in only a subset of participants, limiting more detailed analysis of 

findings between MetS and microalbuminuria. We lacked analysis regarding relationships 

between CKD and MetS-related non-alcoholic fatty liver disease (NAFLD), the hepatic 

manifestation of MetS, which in prior studies is independently linked to CKD[51] but which 

is less tightly linked to MetS among African Americans[52]. However, this study had 

multiple strengths, including longitudinal follow of a large cohort of African Americans, 

who have been missing from prior analyses of the relationships between MetS and CKD.

In conclusion, we found in this cohort of African-American individuals that while MetS 

severity exhibited the expected inverse association with eGFR at baseline in both sexes, the 

association between MetS severity and deterioration of eGFR to CKD was seen only in 

women. In addition, worsening of MetS severity over time was further tied to decline in 

GFR, raising the potential for following MetS severity over time in surveillance for 

worsening kidney status—and potentially as a motivator toward preventative lifestyle 

changes.
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Figure 1. 
Flow chart of participants included and excluded from analysis.
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Figure 2. Relationship between baseline MetS severity quartile and prevalence of renal outcomes 
by sex
Data shown display prevalence of: A. having baseline eGFR in lowest 25 perecentile, B. 

high relative decline in eGFR (Visit 3 eGFR relative to Visit 1 eGFR in the lowest 25 

percentile), C. incident CKD by Visit 3, D. microalbuminuria at Visit 1, and E. 

microalbuminuria at Visit 3. P value for trend in proportion by MetS severity quartile is 

shown for males and females.
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Table 2

Examination of Visit 1 MetS Severity with a) Visit 1 eGFR, b) Visit 3 CKD, and c) relative GFR decline

n Visit 1 eGFR < 25th percentile (< 85.1) CKD at Visit 3

Relative eGFR decline* (%)
< 25th percentile

(< 16.8%)

Overall 2627

Visit 1 MetS Severity Percentile**

 < 25th 560 95 (17.0%) 23 (4.1%) 131 (23.4%)

 25–50th 855 210 (24.6%) 60 (7.0%) 207 (24.2%)

 50th–75th 826 253 (30.6%) 90 (10.9%) 212 (25.7%)

 > 75th 386 103 (26.7%) 34 (8.8%) 108 (28.0%)

p-value*** < 0.0001 < 0.0001 0.0889

*
Relative decline (percent) = (Visit 3 GFR − Visit 1 GFR)/Visit 1 GFR * 100

**
MetS percentile is based on the z-score value (i.e., from the derivation cohort)

***
Cochran-Armitage trend test p-value
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