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Occult chronic kidney disease among persons with
hypertension in the United States: data from the national health
and nutrition surveys 1988-1994 and 1999-2002

Carmen A. Peralta?, Cristin C. Weekley®P, Yongmei LiP, and Michael G. ShlipakaP
aUniversity of California, San Francisco, California, USA

bSan Francisco VA Medical Center, San Francisco, California, USA

Abstract

Objectives—Hypertension guidelines recommend screening for chronic kidney disease (CKD)
using serum creatinine and urine dipstick; this strategy may lead to misclassification. Persons with
occult CKD [i.e. missed by creatinine but detected by cystatin C or albumin-to-creatinine ratio
(ACR)] have higher risks for death, cardiovascular events, and end-stage renal disease.

Methods—We studied occult CKD prevalence among nondiabetic, hypertensive adults in
National Health and Nutrition Examination Survey 1988-1994 (N = 2088) and 1999-2002 (N =
737). We defined occult CKD as estimated glomerular filtration rate by cystatin C (eGFRcys) less
than 60 ml/min per 1.73m?2 and/or ACR at least 30 mg/g among persons with eGFRcreat more
than 60 ml/min per 1.73m2. We studied occult CKD prevalence by either marker, stratified by age,
race/ethnicity, and assessed clinical predictors associated with occult CKD presence.

Results—In 1988-1994, occult CKD was prevalent among 25% of nondiabetic hypertensive
persons, and it was 22% in 1999-2002. Each marker’s ability to detect occult CKD varied by age
and race. Cystatin C detected occult CKD among 8.9% of persons more than 65 years, and among
3.8% of whites. ACR detected occult CKD among 9.3% of persons less than 45 years, 16.6% of
Blacks, and 20.6% of Mexican—Americans. In multivariate models, each decade of advancing age
was associated with a higher occult CKD prevalence by cystatin C (OR 3.1, 95% CIl 2.5-3.8) in
1988-1994 and 1999-2002 (OR 2.9, 1.8-4.6).

Conclusion—Current hypertension guidelines may fail to detect a large proportion of high-risk
individuals with CKD who can be identified by cystatin C or ACR. Future studies are needed to
evaluate targeted use of multimarker renal panels among hypertensives.
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INTRODUCTION

The high prevalence of kidney disease among persons with hypertension is well established
[1]. Chronic kidney disease (CKD) is defined as an estimated glomerular filtration rate
(eGFR) less than 60 ml/min per 1.73m? or the presence of albuminuria [aloumin-to-
creatinine ratio (ACR) =30 mg/g] [2]. CKD is an independent risk factor for cardiovascular
disease, heart failure, progression to end-stage renal disease (ESRD) and death [3]. In
addition, the presence of CKD among persons with hypertension directly impacts choice of
antihypertensive medication and may influence blood pressure targets. Therefore,
hypertension guidelines recommend universal screening for CKD at the time of diagnosis
[4,5]. The current strategy advocated by the Seventh Report of the Joint National Committee
on Prevention, Detection, Evaluation, and Treatment of High Blood Pressure (JNC V1)
includes measuring serum creatinine to estimate GFR and a urine dipstick test to assess for
proteinuria [6]. However, these recommendations may result in important misclassification
of CKD status, and potential missed opportunities for adequate intervention.

Serum creatinine is biased by age, sex, and race, and equations to estimate GFR have not
been validated among all ethnic groups or the elderly [7]. Additionally, dipstick proteinuria
may miss persons who have mild degrees of proteinuria [8,9]. Therefore, these two
measures may be incomplete for screening. Albuminuria can be quantified from a spot urine
sample, and even low levels of albuminuria well below the CKD threshold of 30 mg/g are
associated with increased cardiovascular risk [10]. In fact, European guidelines recommend
the use of ACR among persons with hypertension [5]. Cystatin C is an alternative filtration
marker known to have stronger and more linear associations with adverse outcomes
compared with creatinine; and cystatin C is also less biased by age, sex, and race [11]. We
recently showed in a large national cohort that a triple marker approach using the
combination of serum creatinine, serum cystatin C, and urine ACR improved detection,
classification and risk stratification of CKD [12]. In that population-based study, we
detected occult CKD (CKD that is missed by creatinine but detected by cystatin C or ACR)
in 16% of adults, and persons with occult CKD had elevated risks for death, cardiovascular
events, and heart failure, compared to persons with no CKD.

Due to the clinical importance of correct classification of CKD in persons with
hypertension, we designed this study to evaluate the prevalence of occult CKD among
nondiabetic hypertensive adults in two NHANES cohorts, from 1988-1994 to 1999-2002.
We studied the overall prevalence of occult CKD by each marker, and then stratified by age
and race/ethnicity. We also assessed clinical predictors associated with the presence of
occult CKD.

METHODS

Participants

We included participants from three waves of the National Health and Nutrition
Examination Survey (1988-1994 and 1999-2000, and 2001-2002, with the latter two waves
combined, from here on referred to as 1999-2002). NHANES is a complex, stratified,
multistage probability sample of noninstitutionalized US civilians. Details of survey design
are available at the Centers for Disease Control and Prevention website [13]. Persons age 20
years and older who had a serum cystatin C measurement were eligible for these analyses.
Among those eligible, we included those with hypertension but without diabetes.
Hypertension was defined as participant report of being diagnosed with hypertension, using
hypertension medications, or having a SBP at least 140 mmHg and/or DBP at least 90
mmHg. We excluded participants who were diagnosed with diabetes, taking diabetes
medications or insulin, or with fasting serum glucose at least 126 mg/dl. We specifically
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exclude diabetes because guidelines already recommend yearly kidney function measures,
including quantification of the ACR. After further excluding participants without serum
creatinine measurements, we obtained subsamples of 2741 and 945 participants for
NHANES 1988-1994 and NHANES 1999-2002, respectively.

The cystatin C sampling strategy has been described previously [14]. Briefly, both
NHANES waves measured serum cystatin C using stored serum samples from participants
at least 60 years of age, using a random 25% sample of all participants aged 12-59 years, as
well as in all individuals with high serum creatinine (>1.2 mg/dl in men and >1.0 mg/dl in
women). Because we are interested in the prevalence of occult CKD, we excluded persons
with an eGFR less than 60 ml/min per 1.73m? by the creatinine-based CKD-EPI equation (A
=546 and V=214 for 1988-1994 and 1999-2002, respectively) (see below for measures of
kidney function). We hypothesize that these persons would already be classified as having
CKD, as most laboratories now report eGFR and alert the clinician to the presence of CKD
based on this value [15]. After exclusion of persons without valid kidney function measures
(urinary albumin-to-creatinine ratio, 107 and 14 excluded respectively), our total sample size
was 2088 for NHANES 1988-1994 and 737 for NHANES 1999-2002.

Measures of kidney function

For these analyses, we used standardized serum creatinine based on published guidelines
[16] to estimate eGFRcreat using the CKD-EPI equation [17]. Cystatin C was measured
used an N Latex Cystatin C assay run on a BNII nephelometer [Dade Behring (now
Siemens), www.siemens.com], which has an intra-assay coefficient of variation of 2.0-3.0%
and an inter-assay coefficient of variation of 3.2-4.4% [18]. We estimated eGFR using the
CKD-EPI equation: eGFRcys = 76.7 x cystatin C — 1.19 [19]. Urinary albumin and
creatinine concentrations were measured from urine spot samples using the modified Jaffe
method on a Synchron AS/Astra Analyzer (Beckman Coulter, www.beckmancoulter.com)
[14]. We estimated ACR and defined albuminuria as an ACR at least 30 mg/g, as suggested
by the Kidney Disease: Improving Global Outcomes (KDIGO) guidelines [18].

Variables of interest

Outcomes

On the basis of self-report, race/ethnicity in NHANES 1988-1994 was classified as non-
Hispanic white, non-Hispanic black, Mexican—American, and other race. For NHANES
1999-2002, race/ethnicity was classified as non-Hispanic white, non-Hispanic black,
Mexican—American, other Hispanics, and other race. We grouped Mexican—American and
other Hispanics into one category, due to the low numbers of other Hispanics in the 1999-
2002 NHANES. Blood pressure was measured by a trained technician using a mercury
sphygmomanometer (http://www.cdc.gov/nchs/nhanes.htm), and calculated as the average
of three or four measurements, excluding the first measurement. Hypertension was defined
by self-report, as was education. Self-reported cardiovascular disease from 1988 to 1994
included history of heart attack, congestive heart failure, or stroke, whereas data from 1999
to 2002 included coronary heart disease/angina, angina pectoris as well. Current smokers
were identified by interview questions.

Our primary outcome of interest was prevalence of occult CKD. Among persons with
eGFRcreat (CKD-EPI equation) at least 60 ml/min per 1.73m2, we defined mutually
exclusive outcome categories as follows: No CKD (eGFRcys =60 ml/min per 1.73m2 and
ACR <30 mg/g); Occult CKD ACR only (eGFRcys =60 ml/min per 1.73m2 and ACR =30
mg/g); Occult CKD cysC only (eGFRcys <60 ml/min per 1.73m? and ACR <30 mg/g); and
Occult CKD both (eGFRcys <60 ml/min per 1.73m? and ACR =30 mg/g). For initial
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descriptive analyses, we also considered persons with any occult CKD, defined as persons
with occult CKD by either ACR or cysC.

Statistical analyses

RESULTS

We first estimated the prevalence of any occult CKD in the study sample. We then
categorized each NHANES cohort into the four mutually exclusive occult CKD categories
as described above, stratified by survey periods, and compared the characteristics of
participants in each CKD category using ANOVA or )(2 as appropriate. For completeness,
we also report the prevalence of CKD by cystatin C and ACR among persons with CKD by
creatinine (eGFR-creat <60 ml/min per 1.73m?2). We then estimated the age-adjusted
prevalence of each category of occult CKD, by cohort and race/ethnic category, following
recommended survey procedures based on NHANES analytical guidelines (NHANES ll1,
NHANES 1999-2002) [13]. The 1980 Census population was used as the standard
population for NHANES 1988-1994, and the 2000 Census population for NHANES 1999-
2002. For these analyses, we categorized age into three broad groups of less than 45 years of
age, 45-64, and at least 65 years.

We estimated the number needed to screen (NNS) to detect occult CKD by cystatin C and
ACR. We present NNS estimates among persons age 65 years and older, as this group had
complete selection for cystatin C testing. The NNS for cystatin C was estimated using the
formula 1/(# with eGFRcys <60 ml/min per 1.73m2 AND ACR <30/# with eGFRcreat =60
ml/min per 1.73m?2); NNS for ACR was estimated as 1/(# with ACR =30 but eGFRcys =60
ml/min per 1.73m2/# with eGFRcreat >60 ml/min per 1.73m?).

Finally, using multivariable logistic regression, we investigated demographic and clinical
characteristics associated with occult CKD by cystatin C only and by ACR only.

The mean (standard error) age of our study population was 51.8 (1.0) for NHANES 1988-
1994, and 51.9 (1.0) for NHANES 1999-2002. In NHANES 1988-1994, 76.9% were white,
13.4% were black, 3.7% identified as Mexican—American, and 6.0% were classified as
other. The race/ethnicity composition of NHANES 1999-2002 was similar, with 72.9% of
the cohort being white, 13.7% black, 5.6% Mexican—American, and 7.8% under the other
category. Among the 2088 nondiabetic hypertensive persons in NHANES 1988-1994 in our
analysis, 511 (25%) had any occult CKD, corresponding to 17% of the total US
hypertensive population. In comparison, 161 (22%) individuals had any occult CKD for
1999-2002, corresponding to 16% of the population. We then categorized the sample into
four mutually exclusive categories. In 1988-1999, 13% of nondiabetic hypertensives had
occult CKD by ACR only; 8% had occult CKD by cysC only, and 3% had occult CKD by
both markers (Table 1).

Persons with occult CKD by ACR only, cysC only, or both were more likely to be older and
have higher SBP levels (Table 1). The race distribution differed by occult CKD category;
Blacks and Mexican—Americans were more likely to have occult CKD detected by ACR
only or by both markers compared with whites.

The overall prevalence of occult CKD varied by age, with approximately one-third of
persons age 65 years and older having occult CKD in 1988-1994 and over one-quarter in
1999-2002. Conversely, less than 10% of persons under 45 had occult CKD (Fig. 1a and b).
The proportion of persons whose CKD was detected by cysC, ACR, or both varied
substantially by age. For example, occult CKD was almost fully detected by ACR among
persons younger than 45 years in both survey waves. In contrast, 9 and 13% of persons age
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65 years and older in NHANES 1988-1994 and 1999-2002, respectively, had occult CKD
detected by cysC only (Fig. 1a and b). Among persons age more than 65 years with
eGFRcreat more than 60 ml/min per 1.73m2 in NHANES 111, most persons with CKD by
cystatin C had eGFRcys of 45-59 ml/min per 1.73m2 (N = 178, 89%).

The prevalence of each category of occult CKD also varied by race (Fig. 2a and b). During
both eras, whites had the highest prevalence of occult CKD by cysC only, but lowest
prevalence of CKD by ACR only. The prevalence of CKD by ACR only was highest for
Mexican—Americans, closely followed by Blacks. Among white participants with occult
CKD by either marker in 1988-1994, approximately 3% had occult CKD detected by cysC
alone.

The NNS to detect a person with occult CKD among persons age 65 years and older was
low for both survey waves and for both tests. For cysC, we found that eight would be
required, and seven for ACR in 1988-1994. For 1999-2002, 12 would be needed for cysC
and six for ACR.

Finally, we evaluated demographic and clinical characteristics associated with occult CKD
by each marker. After adjustment, each decade of older age was associated with three-fold
odds of having occult CKD by cysC only in both NHANES surveys (Table 2). Additionally,
smoking and having a history of CVD was associated with occult CKD by cysC only in the
1988-1994 survey. Self-identified Blacks had lower odds of CKD by cysC only in both
surveys (Table 2). In sharp contrast, age was not independently associated with occult CKD
by ACR only in either NHANES survey. Black race and Mexican—American origin were
associated with higher odds of occult CKD by ACR only in the 1999-2002 survey.

In an analysis including only nondiabetic, hypertensive persons with CKD by creatinine
(eGFRcreat <60 ml/min per 1.73m2) in NHANES 111, 441 (82%) had ACR at least 30 mg/g
or eGFRcys <60 ml/min per 1.73m2. Approximately, 18% had CKD by creatinine that was
not confirmed by either cystatin C or ACR.

DISCUSSION

In this nationally representative sample of nondiabetic adults with hypertension, we found
that cystatin C and ACR could detect occult CKD in up to 25% of US adults whose CKD
was otherwise missed by creatinine. We found that the yield of each marker for detecting
occult CKD varied by age and race. Cystatin C detected a large proportion of the occult
CKD among the elderly, whereas ACR detected a large proportion of occult CKD among
younger persons and among Blacks and Mexican—Americans. In multivariate models, we
showed that older age was independently associated with having occult CKD detected by
cystatin C in both waves, whereas Black race and Mexican—American origin were associated
with having occult CKD detected by ACR in 99-02. Taken together, our findings suggest
that current CKD screening guidelines among hypertensive may miss persons at risk.
Moreover, evaluation of improvement in CKD screening guidelines among hypertensives
may require a targeted approach that incorporates demographic and clinical characteristics.

Our report is supported by prior data from our group on the high prevalence of occult CKD
among middle-aged and elderly persons [12,20]. We have also previously shown that
persons with occult CKD detected by cystatin C, ACR, or both are at high risk for death,
cardiovascular disease, heart failure, and progression to ESRD. Notably, although persons
who had occult CKD by cystatin C and ACR but missed by creatinine were at higher risks
for adverse outcomes, persons with CKD by creatinine only had risks comparable to persons
without CKD by any marker [12]. Our findings in NHANES suggest that the current
guidelines to screen for renal end organ damage among persons with hypertension may
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misclassify individuals at high risk, resulting in missed opportunities for prevention. Future
research is needed to understand characteristics, including family history, of persons likely
to have occult CKD.

Our results that the utility of each marker in detecting CKD varies by age and race are
noteworthy. These findings are in accordance with histopathological evidence that
hypertensive nephrosclerosis typically manifests with two distinct renal lesions: ischemic,
obsolete glomeruli, typically not associated with proteinuria; and hypertrophied sclerotic
glomeruli associated with large amounts of proteinuria [21]. Studies have also shown that
although ischemic lesions may be more common in the elderly, sclerosis may be more
common among Blacks [22]. This is of clinical importance, because decreased eGFR in the
absence of proteinuria is commonly seen in clinical practice in the elderly. As creatinine is
biased by age and muscle mass, cystatin C may be an important adjunct to risk classification
of CKD in hypertensive elderly patients. In addition, higher prevalence of proteinuria among
Blacks compared with Whites has been documented in many studies [23]. Accurate and
timely diagnosis of CKD in hypertensive Blacks may reduce observed disparities in CKD
progression.

This is the first study to assess the prevalence of CKD among hypertensives using a triple
marker approach. NHANES has the advantage of having all three measures of kidney
function, as well as sampling strategies that allow for nationally representative estimates.
Our design is in accordance with the new KDIGO guidelines that recommend reporting the
ACR at all eGFR levels [18]. In addition, European guidelines recommend assessment of
ACR [5]. However, we must consider several limitations to this study. Due to a small
sample size and the current sampling strategy for cystatin C, we did not have reliable
population estimates, particularly for the latter NHANES survey. Furthermore, we do not
have direct measures of GFR, but this is impractical in large epidemiological studies.
Although cystatin C may not be universally available, it is FDA approved, and the cost of
the assay has dropped dramatically to less than US$ 2 per test. We also recognize that
current US guidelines recommend a dipstick for assessment of proteinuria, which is a cheap
test that may identify some of the persons with target organ damage and preserved GFR.
However, urinary dipstick tests have very low sensitivity, and are not designed to detect
lower levels of proteinuria [8,9]. In fact, levels as low 10mg/g have been associated with
adverse outcomes, and risk of outcomes increases with increasing ACR levels [10].
Moreover, the upcoming KDIGO guidelines will recommend assessment of the ACR at all
levels of eGFR. In our sample, macroalbuminuria was relatively rare, but many persons
were in the microalbuminuria range. In addition, NHANES does not have repeated measures
of ACR in all participants, thus, limiting our ability to establish persistent albuminuria. As
ACR measurements are known to vary with time, some misclassification is likely in this
group. A further limitation of our study was our inability to calculate NNS in younger age
groups because of the sampling strategy of cystatin C.

Perspectives

In this study, we found that cystatin C and ACR can detect occult CKD missed by creatinine
in a large proportion of nondiabetic adults with hypertension. Our findings suggest that the
current strategy for CKD screening recommended by JNC guidelines may miss a large
proportion of persons at high risk. We also found that the ability of ACR and cystatin C to
detect occult CKD varied by both age and race. Future studies are needed to understand
whether targeted addition of cystatin C and ACR as screening tools for kidney end organ
damage among hypertensives may be cost-effective in clinical practice.
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FIGURE 1.
Age-adjusted prevalence of occult CKD among hypertensive adults of all races stratified by
age for NHANES 1988-1994 (a) and 1999-2002 (b)*. *Age adjustment is conducted based
on NHANES I11 analytical guidelines. The 1980 Census population was used as the standard
population.
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FIGURE 2.

Age-adjusted prevalence of occult CKD stratified by race for NHANES 1988-1994 (a) and
1999-2002 (b).
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TABLE 1

Baseline characteristics of non-diabetic National Health and Nutrition Examination Survey Number Needed to
Screen participants with hypertension from 1988-1994 (A=2088) and 1999-2002 (A=737) with estimated

glomerular filtration rate creat more than 60 ml/min per 1.73m?2

Characteristics

No occult CKD  Occult CKD ACRonly  Occult CKD CysC only  Occult CKD both

N (%)
1988-1994 1570 (75) 277 (13) 174 (8) 67 (3)
1999-2002 575 (78) 115 (16) 33(4) 14 (2)
Age, years
1988-1994 50 (1) 55 (2) 70 (1) 71(2)
1999-2002 51 (1) 55 (3) 67 (5) 69 (3)
Female (%)
1988-1994 53 53 47 47
1999-2002 49 58 68 50
Race (%)
White
1988-1994 7 70 89 84
1999-2002 74 63 93 66
Black
1988-1994 13 16 7 10
1999-2002 13 22 1 18
Mexican-American
1988-1994 4 5 2 5
1999-2002 5 8 1 4
Other
1988-1994 6 9 2 1
1999-2002 8 7 5 12
SBP, mmHg
1988-1994 135 (1) 149 (3) 146 (2) 153 (3)
1999-2002 135 (1) 141 (4) 140 (3) 149 (6)

Hypertension medication (current, %)

1988-1994 31 29 53 56
1999-2002 45 38 74 81
LDL
1988-1994 164 (12) 139 (9) 169 (21) 124 (6)
1999-2002 125 (2) 125 (5) 146 (13) 104 (6)
HDL
1988-1994 62 (7) 55 (4) 62 (11) 49 (2)
1999-2002 53 (1) 51 (2) 48 (1) 47 (3)
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Characteristics No occult CKD  Occult CKD ACRonly  Occult CKD CysC only  Occult CKD both
BMI, kg/m?

1988-1994 29 (0) 28 (1) 29 (1) 28 (1)

1999-2002 30 (0) 32(2) 34 (3) 31(2)
Current smoker (%)

1988-1994 24 25 24 30

1999-2002 21 23 10 23
Cardiovascular disease? (%)

1988-1994 5 7 19 26

1999-2002 9 21 15 17
ACR 30-299 mg/g?

1988-1994 0(0) 243 (92) 0(0) 59 (89)

1999-2002 0(0) 103 (84) 0(0) 14 (100)
ACR 2300 mg/g?

1988-1994 0(0) 34 (8) 0(0) 8(11)

1999-2002 0(0) 12 (16) 0(0) 0(0)
eGFRcreat

1988-1994 96 (1) 90 (2) 75 (2) 70 (1)

1999-2002 93 (1) 90 (3) 70 (2) 70 (3)
eGFRcys

1988-1994 91 (1) 84 (3) 54 (1) 50 (1)

1999-2002 95 (1) 88 (3) 55 (1) 53 (2)

ACR, albumin-to-creatinine ratio; CKD, chronic kidney disease; cysC, cystatin C; eGFRcreat, estimated glomerular filtration rate by the CKD-EPI
equation; eGFRcys, estimated glomerular filtration rate by the cystatin C equation; HDL, high-density lipoprotein; LDL, low-density lipoprotein.
Results reported as mean (standard error) for continuous variables and percentage for categorical variables.

aSeIf-reported cardiovascular disease from 1988-1994 includes history of heart attack, congestive heart failure, or stroke. Self-reported
cardiovascular disease from 1999-2002 includes coronary heart disease/angina, angina pectoris, heart attack, congestive heart failure, or stroke.

bReported as V(%) of participants.
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TABLE 2

Association of baseline characteristics and occult chronic kidney disease

Oddsratio (95% confidenceinterval)

Characteristic 1988-1994 1999-2002

Occult CKD ACR only

Age (per 10 years) 0.9 (0.7-1.1) 1.3(0.9-1.7)
Female 1.3(0.8-2.1) 1.3(0.5-3.8)
Race
White Reference Reference
Black 1.2 (0.7-2.1) 2.3(1.1-4.7)
Mexican-American 1.4 (0.6-3.4) 3.0(1.4-6.7)
Other Race 1.3 (0.5-3.2) 1.7 (0.4-7.5)
BMI (kg/m?) 1.0 (0.9-1.0) 1.0 (1.0-1.1)
SBP (per 10 mmHg) 1.6 (1.3-1.9) 1.1 (0.9-1.3)
History of cardiovascular disease? 10(05-19) 2.6 (0.7-10.5)
Current smoker 0.9 (0.4-1.8) 1.2(0.3-4.2)

Occult CKD cysC only

Age (per 10 years) 3.1(2.5-3.8) 2.9(1.8-4.6)
Female 0.5 (0.3-0.8) 0.8 (0.3-2.3)
Race
White Reference Reference
Black 0.5 (0.3-1.0) 0.05 (0.003-0.8)
Mexican-American 0.7 (0.5-1.2) 0.2 (0.03-1.5)
Other Race 0.4 (0.1-1.4) 0.8 (0.1-5.4)
BMI (kg/m?) 1.1(1.0-1.1) 1.2 (1.0-1.4)
SBP (per 10 mmHg) 0.9 (0.8-1.1) 0.9 (0.7-1.2)
History of cardiovascular disease? 17093 09(0.2-4.3)
Current smoker 3.2(1.7-6.2) 0.5 (0.04-6.9)

ACR, albumin-to-creatinine ratio; CKD, chronic kidney disease; cysC, Cystatin C. Each variable adjusted for others listed.

a,. . . . . .
History of CVD includes heart attack, congestive heart failure, stroke, coronary heart disease, and angina.
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