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Abstract

Chronic kidney disease (CKD) is a risk factor for cardiovascular disease (CVD), although shared
risk factors may mediate much of the association. We related CKD and CVD in the setting of specific
CVD risk factors and determined whether more advanced CKD was a CVD risk equivalent. The
Framingham Heart Study original cohort (n=2471, mean age 68 years, 58.9% women) was studied.
Glomerular filtration rate (eéGFR) was estimated using the simplified Modification of Diet in Renal
Disease Study equation. CKD was defined as eGFR < 59 mL/min per 1.73 m? (women) and < 64
(men) and Stage 3b CKD defined as eGFR 30-44 (women) and 30-50 (men). Cox Proportional Hazard
models adjusting for CVD risk factors were used to relate CKD to CVD. We tested for effect
modification by CVD risk factors. Overall, 23.2% of the study sample had CKD (n=574; mean eGFR
50 mL/min per 1.73 m2) and 5.3% had Stage 3b CKD (n=131; mean eGFR 42 mL/min per 1.73
m?2). In multivariable models (mean follow-up time 16 years), Stage 3 CKD was marginally
associated with CVD (HR=1.17, 95% CI 0.99-1.38, p=0.06), whereas Stage 3b CKD was associated
with CVD [HR=1.41, 95% CI 1.05-1.91, p=0.02]. Upon testing CVD risk equivalency, the risk of
CVD for Stage 3b CKD among participants with prior CVD was significantly lower as compared to
participants with prior CVD and no Stage 3b CKD (age- and sex-adjusted HR for CVD = 0.66 [95%
Cl1 0.47 to 0.91], p=0.01). Low HDL modified the association between CKD and CVD (p-
value=0.004 for interaction). Stage 3b CKD is associated with CVD but is not a CVD risk equivalent.
In conclusion, CVD risk in the setting of CKD is higher in the setting of low HDL cholesterol.

Introduction

We sought to study the association between CKD and CVD in an unselected, community based
cohort in order to quantify the CVD risk associated with more advanced CKD within the Stage
3 CKD category. We also sought to determine if this more advanced subset of Stage 3 CKD
may in fact constitute a CVD risk equivalent. Finally, we tested the association of CKD with
CVD in the setting of different CVD risk factor profiles.
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Materials and Methods

The Framingham Heart Study is a community-based prospective cohort study of cardiovascular
disease and its risk factors, which began in 1948, consisting of 5209 men and women in the
original cohort. Participants were invited to attend examinations every two years. The study
sample for the present investigation consists of original cohort participants attending
examination cycle 15 (1977 to 1979). Of 2632 participants attending the 151" examination
cycle, 67 had missing covariate data, and 94 had missing creatinine values, leaving a final
sample size of 2471. All analyses with the end points of CVD and CHD as end-points excluded
individuals with prevalent CVD (n=396) and had a total of 2075 participants. All analyses with
the endpoints of all-cause mortality and CVD-mortality included those with prevalent CVD
and therefore had a total of 2471 participants.

We used the simplified Modification of Diet in Renal Disease (MDRD) Study equationz’3 to
estimate kidney function by glomerular filtration rate (eGFR). We defined CKD based on the
National Kidney Foundation Disease Outcome Quality Initiative working group definition of
kidney disease, which defines CKD as GFR < 60 mL/min per 1.73 m2.2 We have found that
the use of this cut point classifies approximately 50% more women as having kidney disease
than men; therefore we modified the definition of CKD and reclassified kidney disease as a
GFR at or below the sex-specific fifth percentile (59 mL/ min per 1.73 m2 in women and 64
mL/min per 1.73 m2 in men).4 We also examined stage 3a CKD, defined as GFR 45 to <59
mL/min per 1.73 m2 in women and 51 to <64 mL/min per 1.73 m? in men, and stage 3b CKD,
defined as GFR 30-44 mL/min per 1.73 m? in women and GFR 30-50 mL/min per 1.73 m? in
men.

We used the modified Jaffe method to measure serum creatinine. We calibrated our creatinine
values using a 2-step process in order to account for variation of creatinine across laboratories.
First, National Health and Nutritional Examination Survey I11 creatinine values were calibrated
to the Cleveland Clinic Laboratory, requiring a correction factor of 0.23 mg/dL (20.3 pmol/
L).5 Age-and-sex specific (20-39, 40-59, 60-69, >70 yrs) creatinine values were then aligned
with the corresponding corrected National Health and Nutrition Examination Survey 111 age-
and-sex specific means.

At the 15th examination cycle, all the participants underwent a routine physical examination,
anthropometry, and laboratory assessment of vascular risk factors as has been previously
described. Plasma glucose, total and HDL cholesterol were measured on non-fasting morning
samples. Participants with a systolic blood pressure >140 mm Hg, or a diastolic blood pressure
> 90 mm Hg (mean reading of 2 readings taken by an examining physician) or receiving
medication for treatment of hypertension were defined as having hypertension. Diabetes was
defined as a casual glucose > 200 mg/dL or treatment with either insulin or an oral
hypoglycemic agent. Participants were considered to be current smokers if they smoked at least
one cigarette per day for the last year. Medication use was ascertained by a physician-
administered questionnaire. Body mass index (BMI) was defined as weight in kilograms
divided by the square of height in meters.

Cardiovascular disease and mortality endpoints were determined by continuous events
surveillance and adjudicated by a three-physician panel as has been previously described.6 we
defined a cardiovascular (CVD) event as the occurrence of coronary death, myocardial
infarction, coronary insufficiency, angina pectoris, atherothrombotic stroke, intermittent
claudication, or cardiovascular death. Coronary heart disease (CHD) events were defined as
coronary death, myocardial infarction, or hospitalized coronary insufficiency. The follow-up
period was from the 15th examination to December 31, 2004.
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Descriptive statistics of the exposure and covariates were performed. Cox proportional hazard
models were used to relate CKD with CVD, CHD, CVD mortality and all-cause mortality. The
first set of analyses sought to quantify the risk of CVD, CHD, all-cause mortality and CVD-
mortality among individuals with overall and Stage 3b CKD. Multivariable analyses models
for the outcomes of CVD and CHD adjusted for age, sex, body mass index, total/HDL
cholesterol, smoking, diabetes, hypertension treatment and systolic blood pressure among
individuals free of CVD at baseline. Analyses of all-cause mortality or CVD mortality included
individuals with prevalent CVD at baseline and additionally adjusted for prevalent CVD.

In order to determine whether Stage 3b CKD constituted a CVD risk equivalent, we determined
the hazard ratios for incident CVD and CHD comparing the subgroup with Stage 3b CKD, no
prevalent CVD to the referent subgroup with no Stage 3b CKD/prevalent CVD. Additionally,
we compared the risks of incident CVD and CHD for the following three subgroups each
compared with the referent group (no Stage 3b CKD, no prevalent CVD): 1) + Stage 3b CKD,
no prevalent CVD; 2) no Stage 3b CKD, + prevalent CVD; 3) + Stage 3b CKD, +prevalent
CVD. We constructed Kaplan-Meir curves for CVD-mortality by CKD status.

To quantify CVD risk among individuals with different risk factor profiles, 4 categories were
created. For example, to quantify the CVD risk among individuals with both CKD and
hypertension, the age- and sex-adjusted hazard ratios for incident CVVD were analyzed for the
following three groups each compared to the referent group (no CKD/no HTN): 1) +CKD/no
HTN; 2) no CKD/+HTN; and 3) +CKD/+HTN. Similar analyses were performed for diabetes
mellitus, low HDL (< 40 mg/dL in men and < 50 mg/dL in women) and obesity (BMI > 30 kg/
m?2). Finally, we tested for effect modification (on a multiplicative scale) of associations
between CKD and CVD by diabetes, hypertension and low HDL cholesterol, and smoking.

We tested the adequacy of proportional hazard assumption by evaluating the Schoenfeld
residual plots for each of the predictors in the model and the slope of generalized linear
regression of the scaled Schoenfeld residuals on functions of time. The assumption of
proportionality of hazards was met for the CVD and CHD outcomes but was violated for
mortality outcomes using the entire duration of follow-up. Therefore we truncated follow-up
for mortality at 10 years of follow-up. With the follow-up period truncated at ten years the
proportionality hazards assumption was met. Therefore models considering the outcome of
mortality were based on ten-years of maximum follow-up time.

The mean age of our study sample was 68 years and 58.9% were women. The mean overall
follow-up time was 16 years. Among study participants, 574 (23.2%) had CKD. Of these, 131
(22.8%) had Stage3b CKD. Those with CKD were older, tended to have lower mean HDL-
cholesterol levels, and had a higher prevalence of hypertension and diabetes (Table 1). Relative
to those with Stage 3a CKD, individuals with Stage 3b CKD were older, more likely to be
hypertensive, have diabetes, and had high rates of prevalent CVD. The eGFR among those
with stage 3b CKD was 42 mL/min per 1.73 m2 compared to 54 mL/min per 1.73 m2 among
those with Stage 3a CKD.

Age-and sex-adjusted CVD event rates are shown in Table 2. Overall, there were 874 CVD
events, 199 of which were among participants with CKD. In age-and sex-adjusted models,
participants with both overall CKD and stage 3b CKD had elevated risks of CVD (Table 3).
Overall CKD was marginally associated with CVD upon multivariable adjustment (p=0.06),
whereas stage 3b CKD was significantly associated with CVD upon multivariable adjustment.
Stage 3a CKD was not associated with CVD in either age-and sex- or multivariable-adjusted
models.
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Overall, there were 633 CHD events, 149 of which were among participants with CKD. In age-
sex and multivariable-adjusted models, CKD was associated with CHD (Table 3). Among
those with Stage 3b CKD, the magnitude of the HR for CHD was slightly lower than as
compared to CVD (multivariable-adjusted HR 1.31, 95% CI [0.91-1.86], p-value=0.14). No
significant associations were observed for Stage 3a CKD and CHD.

Overall, there were 742 deaths (Table 2). CKD and Stage 3b CKD were related to all-cause
mortality in age-and sex-adjusted models but not in multivariable-adjusted models (Table 3).
Stage 3a CKD was not associated with all-cause mortality in either age-and sex-adjusted or in
multivariable-adjusted models. CKD was associated with CVVD-mortality in age and sex
adjusted models but only marginally upon multivariable adjustment (p=0.08). Stage 3b CKD
was marginally associated with CVVD-mortality in age and sex adjusted models (p=0.07); this
was attenuated upon multivariable adjustment.

Among individuals with Stage 3b CKD but without CVD (+Stage 3b CKD/ho CVD), the age-
and sex-adjusted HR for CVD was 1.51 (95% CI 1.13-2.02, p-value=0.005) (Table 4). Among
individuals without Stage 3b CKD but with CVD (no Stage 3b CKD/+CVD), the age- and sex-
adjusted HR for CVD was 2.39 ([95% CI 2.01-2.83], p-value<0.0001).

In order to test the hypothesis of risk equivalency, we compared CVD risks among those with
Stage 3b CKD with and without CVD at baseline. In age- and sex-adjusted models, the risks
of CVD were significantly lower in participants with Stage 3b CKD but without CVD as
compared to participants without Stage 3b CKD but with CVD (HR for CVD = 0.66 [95% ClI
0.47t0 0.91], p=0.01). Similar results were observed for CHD (HR 0.60 [95% CI 0.41 to 0.88],
p=0.009).

Figure 1 demonstrates the KM curves for CVD mortality; CVD-mortality was highest among
those with prevalent CVD and no CKD, followed by those with Stage 3b CKD alone and then
by those with Stage 3a CKD alone.

Individuals with CKD and low HDL were more likely to develop CVD on follow-up as
compared to those with neither condition (age-and sex-adjusted HR=1.68, 95% Cl=1.33-2.12,
p<0.0001) (Figure 2). A significant interaction was observed between HDL and CKD (p-value
for interaction term=0.004), suggesting that the combination of low HDL and CKD conferred
a greater risk of developing CVD than either individual condition alone. Among individuals
with both CKD and DM, the HR for CVVD was 3.19 (95% CI 2.25-4.52, p <0.001), which was
higher than for either individual condition, although the interaction term was not significant
(p-value=0.17). Similar patterns were seen for subgroups of CKD and hypertension with
regards to the outcome of CVD (p-value interaction 0.93; age-and sex-adjusted HR for those
with CKD and hypertension vs. neither condition =1.90, 95% C1=1.52-2.39, p<0.0001), obesity
(p-value interaction 0.72; age-and sex-adjusted HR=1.71, 95% CIl=1.24-2.38, p<0.0001) and
smoking (p-value interaction 0.36; age-and sex-adjusted HR=2.28, 95% CI=1.25-4.17,
p=0.007).

Discussion

In a community-based cohort of men and women, Stage 3 CKD was associated with a 20%
increased risk of CVD and CHD after adjustment for age and sex, whereas Stage 3b CKD was
associated with a 50% increased risk of CVD, which remained significant in multivariable-
adjusted models. CKD and Stage 3b CKD were associated with all-cause mortality in age-and
sex-adjusted models but not after accounting for CVD risk factors and prevalent CVVD. Stage
3b CKD did not constitute a CVD risk equivalent. The association between CKD and CVVD
varied based on different CVD risk factor combinations and was highest among those with
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DM. Lastly, those with CKD and low HDL had a significantly higher risk of CVD than either
condition alone.

Our study demonstrated modest multivariable-adjusted associations between Stage 3 CKD and
CVD. This finding is consistent with prior studies of kidney disease and CVD which were
conducted in low risk community-based cohorts similar to the Framingham Heart Study.7'9
The hazard ratios for associations between CKD and CVD from the present investigation were
somewhat lesser in magnitude as compared to those demonstrated in a previous investigation
in the Atherosclerosis Risk in Communities (ARIC) Study (multivariable adjusted HR for
CVD=1.58, 95% CI:1.01—2.47).10 Whereas the ARIC study was comprised of one-quarter
black individuals, the Framingham Heart Study is largely comprised of nearly 100% white
individuals of European ancestry. In a separate study utilizing pooled data from ARIC, the
Framingham Heart Study and the Cardiovascular Health Study, CKD risks were higher in black
as compared to white individuals for the composite endpoint of all-cause mortality or CVD-
mortality.11 Furthermore, prior data from the Third National Health Examination Survey
suggests increased CVD prevalence with successively lower GFR among black as compared
to white individuals even after accounting for traditional CVD risk factors.12 Therefore racial
differences may explain the lower magnitude of effect size in our study as compared to prior
investigations.

Our findings that Stage 3b CKD is significantly associated with CVD and CHD are consistent
with prior data from patients in a large integrated healthcare database that demonstrated a
graded relationship between CKD and CVD which rose most sharply at a GFR < 45 mL/min
per 1.73 m2.13 The study sample utilized in this prior analysis likely had higher associated
CVD risk given the need to have a medical indication for creatinine assessment in a clinical
setting than our community-based cohort. Indeed, the corresponding hazard ratios for CVD
for individuals with GFRs corresponding to the Stage 3b range in the previous analysis (or
30-44 mL/min per 1.73 m2) were higher than in the prior study (HR=2.0; 95 % C1=1.9-2.1) as
compared to in our study (1.41; 95 % C1=1.05-1.91). Our study provides evidence extending
prior findings that among a relatively low risk sample unselected for CKD, Stage 3b CKD is
associated with incident CVD.

The “risk equivalent” concept has been highlighted by recent epidemiologic evidence
demonstrating that diabetes mellitus may confer an equivalent risk of incident myocardial
infarction as compared to a prior diagnosis of M1.14 The risk equivalency status of diabetes
mellitus is further reflected in the National Cholesterol Education and Prevention Advanced
Treatment Panel I11 guidelines which recommend the same treatment thresholds for individuals
with diabetes or prior CHD.15

Prior data from the ARIC study demonstrate that CKD is not a CVD risk equivalent.16 We
extend these findings by demonstrating that Stage 3b CKD does not confer the same risk of
CVD as a prior diagnosis of CVD in a community based sample. Whether more advanced
forms of Stage 3b CKD indeed confer CVD risk equivalency is an important area of further
investigation.17'18

Our findings that low HDL and CKD have a synergistic effect on CVD risk is a novel finding.
A previous study in the Cardiovascular Health Study of elderly community dwelling
individuals (age > 65 years) did not find a positive interaction between HDL < 40 mg/dL and
CKD on risk of CVD death.19 Older aged individuals, lack of sex-specific HDL cut-points
and a use of a different endpoint (CVD death versus CVD) are potential explanations for
differing results between our study as compared to the previous study.19 If confirmed in
subsequent studies, the question of whether HDL levels can provide discrimination in CVD
risk stratification among those with CKD should be an area of future research.
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The combination of CKD and DM conferred a 3-fold risk increase in CVD, greater than those
with CVD alone, suggesting that individuals with both CKD and DM may constitute a CVD
risk-equivalent. Given that DM is already considered a CHD risk-equivalent, this finding is
less important in terms of clinical guidelines. However, it underscores the high risk of CVD
among individuals with both of these conditions.

Our finding that having both CKD as well as hypertension conferred a greater relative risk of
CVD compared to CKD or hypertension alone is not entirely surprising. Previous data suggest
high relative risks for hypertension and CHD in the setting of CKD.2

Obesity is associated with CKD?! and components of the metabolic s;yndrome.22 National
data suggests a steady rate of CKD over the past twenty years,23 a rise in obesity prevalence
over the past several decades, 2425 and an increase in obesity incidence over the past fifty
years.26 The joint association between obesity and CKD on CVD risk should be examined in
future studies given escalating obesity rates and demonstrated pathophysiologic links between
obesity and CKD.

Within a community-based cohort, a subset of individuals with more advanced CKD (Stage
3b CKD) are at increased risk for CVD. The findings of previous studies of CKD and CVD in
higher risk, selected cohorts should not necessarily be extrapolated to the community. Our
findings are important given that Stage 3 CKD has a much greater prevalence (7.7%) as
compared to more advanced CKD (Stage 4 + Stage 5 CKD prevalence=0.35%) and represents
the majority of CKD in the United States.2’ Our findings do not support the concept that
individuals with Stage 3b CKD should receive equivalent risk modification as compared to
those with prevalent CVD solely in terms of CVD risk prevention.

The strengths of our study include a community-based sample not selected for CKD, reducing
the risk of referral or selection bias. The Framingham Heart Study has detailed assessment of
CVD risk factors and rigorously adjudicated CVD outcomes. Several limitations should be
acknowledged. Our study sample is limited both geographically and ethnically, as our
participants are primarily white individuals of European ancestry. Our definition of CKD is
limited to a single measurement of serum creatinine on one occasion, not measured over a
period of three months or greater as has been defined by the National Kidney Foundation.
Further, we used the simplified MDRD study equation to estimate GFR, instead of measuring
it directly. In order to improve the validity and accuracy of the MDRD equation, we indirectly
calibrated our creatinine values. Nonetheless, if our GFR estimates were misclassified as a
result of estimation from the MDRD equation, this would have biased our estimates towards
the null value. We were unable to account for albuminuria, which may have led to an
underestimation of CKD in our study. Lastly, we may have had limited statistical power to
detect very modest effects between CKD and CVD or CHD outcomes.
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Kaplan-Meir survival curves for cardiovascular disease mortality by chronic kidney disease

status.
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Figure 2.

Chronic kidney disease and incident cardiovascular disease: risk factor subgroups. Bars
represent 95% confidence intervals. Age- and sex-adjusted p-values for the interaction of CKD
with the following risk factors: hypertension p=0.93; diabetes p=0.17; low HDL cholesterol
p=0.004; obesity p=0.72 smoking p=0.35.
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Table 1
Baseline characteristics for sample including those with prevalent cardiovascular disease at baseline
examination (n=2471), n's represent mean + standard deviation, or % where indicated

* *%k

Variable No CKD CKD Stage 3a CKD Stage 3bf ckD

(n=1897) (n=574) (n=430) (n=131)
Age (years) 68+7 71+8 707 T4x7
Women 1123 (59.2%) 333 (58.0%) 242 (56.3%) 83 (63.4%)
Estimated Glomerular 93+31 50+8 54 +5 42+5
Filtration Rate (mL/min per
1.73m?)
Body Mass Index (kg/m?) 26.5+4.3 26.2+4.31 26.2+4.2 26.3+4.8
Total cholesterol (mg/dL) 231441 228+44 228+42.6 228+46
Systolic Blood Pressure (mmHg) 136419 138420 137+19.7 139420
Diastolic Blood Pressure 76+10 75+11 76+10.6 74412
(mmHg)
High density lipoprotein (HDL) 50+15 48+16 49+15.9 46+16
cholesterol (mg/dL)
Total/HDL cholesterol ratio 5.0£1.6 5.1+1.8 5017 5417
Hypertension 689 (36.4%) 277 (48.4%) 194 (45.3%) 74 (56.5%)
Diabetes Mellitus 146 (7.7%) 75 (13.1%) 51 (11.9%) 22 (16.8%)
Smoker 559 (29.5%) 120 (20.9%) 96 (22.3%) 23 (17.6%)
Prevalent cardiovascular 260 (13.7%) 136 (23.7%) 98 (22.8%) 35 (26.7%)
disease
Prevalent coronary heart 109 (5.8%) 49 (8.5%) 37 (8.6%) 10 (7.6%)
disease

CKD=chronic kidney disease
HDL=high density lipoprotein

*
GFR < 59 mL/min per 1.73 m2 in women and < 64 mL/min per 1.73 m2 in men (this category includes Stage 3 and Stage 4 CKD)

*

*
GFR 45 to <59 mL/min per 1.73 m2 in women and 51 to <64 mL/min per 1.73 m2 in men

fGFR 30-44 mL/min per 1.73 m2 in women and 30-50 mL/min per 1.73 m2 in men

Cardiovascular disease events were defined as coronary death, myocardial infarction, coronary insufficiency, angina pectoris, atherothrombotic stroke,
intermittent claudication, or cardiovascular death.

§

Coronary heart disease events were defined as coronary death, myocardial infarction, or hospitalized coronary insufficiency.
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