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Abstract

Background—This study sought to compare the prevalence and modifying factors of
normoalbuminuric (NA) versus albuminuric (ALB) CKD in the U.S. diabetic and nondiabetic
populations.

Methods—NHANES 2001-2008 included 2798 diabetic and 15,743 nondiabetic participants.
Age-specific prevalence of NA-CKD and ALB-CKD was calculated within each diabetes stratum
and then stratified again according to gender, ethnicity, mean arterial pressure =105mmHg and
HbALlc=7%. Multivariate regression analyses were performed to determine odds ratios and 95%
Cl for NA-CKD.

Results—Prevalence of NA-CKD rose with age, with an overall mean of 9.7% in diabetic and
4.3% in nondiabetic participants. NA-CKD was less prevalent in diabetic men, OR=0.58 (95% ClI:
0.39, 0.87). In comparison with whites, blacks and ‘other’ ethnic groups had an OR for NA-CKD
of 0.44 (95% Cl 0.29, 0.68) and 0.57 (95% CI: 0.34, 0.96), respectively. Poorly controlled blood
pressure and glycemia resulted in a decreased OR for NA-CKD (OR=0.25, 95% ClI: 0.13, 0.50)
and (0.48, 95% ClI: 0.31, 0.74), respectively. Similar results were obtained for nondiabetic
participants.

Conclusions—NA-CKD is more common in people with diabetes, women, non-Hispanic

whites, and in the setting of well controlled blood pressure and glycemia.
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1. Introduction

The prevalence of chronic kidney disease (CKD) among people with diabetes is the same
today as it was twenty years ago (de Boer, Rue, Hall, Heagerty, Weiss, and Himmelfarb,
2011). This is despite more aggressive glycemic and blood pressure control and widespread
use of inhibitors of the renin-angiotensin—aldosterone system (RAAS). Historically,
albuminuria has been central to the diagnosis and clinical management of diabetic kidney
disease. Over the last decade, it has been noted that nonalbuminuric chronic kidney disease
(NA-CKD) is common, ranging between 25% and 50% among people with diabetes and
estimated glomerular filtration rate (eGFR) less than 60ml/min/1.73m? (Kramer, Nguyen,
Curhan, and Hsu, 2003; Molitch et al., 2010; Penno et al., 2011; Retnakaran, Cull, Thorne,
Adler, and Holman, 2006; Thomas et al., 2009). Nonalbuminuric diabetic kidney disease has
been found to be increasingly prevalent with advanced age and female gender (Caramori,
Fioretto, & Mauer, 2003; Penno et al., 2011; Thomas et al., 2009).

The pathogenesis of diabetic NA-CKD remains to be elucidated. In normoalbuminuric
patients with type 1 diabetes and reduced GFR, the presence of relatively advanced classical
diabetic nephropathy lesions could explain the GFR reduction (Lane, Steffes, and Mauer,
1992; Shideman, Buselmeier, Mauer, and Kjellstrand, 1972). However, this is less well
studied in type 2 diabetes. Hypothesized etiologies of NA-CKD include renal hypertensive
and vascular diseases, age related renal senescence and masking of albuminuria by RAAS
inhibitors (Kramer et al., 2003; Macisaac and Jerums, 2011; Maclsaac, Tsalamandris,
Panagiotopoulos, Smith, McNeil, and Jerums, 2004). Also hypothesized is a self-selected
low protein diet in type 1 diabetic females with normoalbuminuria and low eGFR (Lane et
al., 1992). The possibility that NA-CKD in people with diabetes may not be a consequence
of hyperglycemia is supported by the facts that hemoglobin Alc (HbAlc) tends to be lower
as is the frequency and severity of other microvascular complications, when compared to
those diabetic persons with albuminuric chronic kidney disease (ALB-CKD) (Kramer et al.,
2003; Maclsaac et al., 2004; Penno et al., 2011; Rigalleau et al., 2007; Thomas et al., 2009;
Yokoyama, Sone, Oishi, Kawai, Fukumoto, and Kobayashi, 2009). However, a large
population-based study has demonstrated a similar reduction in the incidence of decreased
eGFR<60 ml/min/1.73 m? for every 1% decrease in HbA1c, regardless of preexisting
albuminuria or retinopathy (Bash, Selvin, Steffes, Coresh, and Astor, 2008). Moreover, renal
biopsy studies have shown significant pathologic changes consistent with diabetic
glomerulopathy in type 1 diabetes and NA-CKD, this primarily occurring in women
(Caramori, Fioretto, and Mauer, 2003). Data are conflicting with respect to blood pressure
differences between NA-CKD and ALB-CKD in diabetes (Penno et al., 2011; Rigalleau et
al., 2007; Thomas et al., 2009; Yokoyama et al., 2009). Investigation of the risk factors for
NA-CKD in the U.S. population has been limited, and more specifically, the impact of race
and ethnicity has not been explored. Our goal was to determine the U.S. age-specific
prevalence of NA-CKD in diabetic and nondiabetic populations and to describe differences
in their sociodemographic, ethnic and clinical characteristics.
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2. Materials and methods

2.1. Study population

The National Health and Nutrition Examination Survey (NHANES) is a nationally
representative sample of the total US civilian, non-institutionalized population. It uses a
stratified multistage probability design with planned oversampling of certain age and racial/
ethnic groups (Centers for Disease Control and Prevention National Center for Health
Statistics). Eligibility for inclusion in the analysis included: age 20years or older, complete
sociodemographic information and available serum creatinine and urine albumin:creatinine
ratio (UACR). The NHANES protocol was approved by a human subjects review board and
written, informed consent was obtained from all participants (Centers for Disease Control
and Prevention National Center for Health Statistics).

2.2. Covariate definitions and measurements

Diabetes was defined as at least one of the following: 1) self-report of being previously
diagnosed by a physician (except during pregnancy), 2) a fasting glucose greater than
126mg/dl or 3) HbAlc greater than or equal to 6.5% (“International Expert Committee
report on the role of the A1C assay in the diagnosis of diabetes, 2009; Standards of medical
care in diabetes—2010, 2010).

A single, random urine collection was obtained for UACR. Urinary albumin was quantified
using solid-phase fluorescent immunoassay. Urinary creatinine was measured with the Jaffe
rate reaction. Albuminuria was defined as a UACR of at least 30mg/g (“K/DOQI clinical
practice guidelines for chronic kidney disease: evaluation, classification, and stratification”,
2002). Sensitivity analyses were performed also using gender-specific cut-points of
=17mg/g for men and =25mg/g for women. Serum creatinine was measured using the
modified kinetic Jaffe reaction Creatinine values from 2005-2006 were calibrated as
previously described (Centers for Disease Control and Prevention National Center for
Health Statistics; Stevens et al., 2007). GFR was estimated using the CKD-EPI equation
(Levey et al., 2009). Chronic kidney disease was defined as an eGFR<60ml/min/1.73m?
(“K/DOQI clinical practice guidelines for chronic kidney disease: evaluation, classification,
and stratification”, 2002).

Age was defined as the age at the time of the examination. Race and ethnicity were self-
reported and categorized as Non-Hispanic White, Non-Hispanic Black, and for the purpose
of this study, all others were grouped as ‘Other’. Cardiovascular disease history was self-
reported and included history of congestive heart failure, coronary heart disease, heart
attack, angina or stroke. Medications were assessed by an in-person interview. Blood
pressure was defined as the mean of three separate readings. BMI was calculated from the
weight and height measurements taken during the physical examination. HbAlc was
measured by a high performance liquid chromatographic assay.

2.3. Statistical methods

All analyses were performed using Stata (version 11), or SPSS (version 16) statistical
software. NHANES is a complex probability sample, so appropriate sample weights were
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used to estimate mean values and standard errors (Centers for Disease Control and
Prevention National Center for Health Statistics). To combine data from four 2-yearcycles of
the continuous NHANES (2001-2008), we created new sample weights. Age-specific
prevalence of NA-CKD and ALB-CKD was calculated and stratified according to diabetes
status, gender, ethnicity, uncontrolled diabetes (defined as an HbA1c=7.0) and uncontrolled
hypertension (defined as a mean arterial pressure (MAP) >105). Multivariate logistic
regression analyses were performed to better understand the relationship between NA-CKD
and diabetes status, gender, ethnicity, MAP and HbA1C. Odds ratios and 95% confidence
intervals are reported, adjusted for age, gender, ethnicity, and MAP except when each was
the variable of interest.

The participants meeting selection criteria are depicted in Fig. 1. A total of 15,743 persons
without diabetes and 2798 persons with diabetes met inclusion criteria. Only 64 participants
with diabetes were under the age of 30 and 254 were under the age of 40 (data not shown),
making the vast majority of diabetic participants type 2. Abnormalities in UACR (=30mg/g)
or eGFR (<60ml/min/1.73m2) were present in 11.1% (95% CI 9.3-12.1) of persons without
diabetes versus 38.5% (95% CI 36.5-40.5) of those with diabetes. NA-CKD was present in
4.3% of subjects without diabetes versus 9.7% with diabetes. Confining the analysis to those
with decreased eGFR (<60ml/min/1.73m2), NA-CKD was present in 77.3% (95% CI 74.6—
80) and 56.3% (95% CI 51.7-60.9) in the non-diabetic and diabetic strata, respectively.

The clinical characteristics of participants with NA-CKD versus ALB-CKD stratified by
diabetes status are displayed in Table 1. Treatment with RAAS blockers was more common
in individuals with diabetes, but did not differ between NA-CKD and ALB-CKD. Poorly
controlled hypertension (MAP=105) was more common in the ALB-CKD groups, regardless
of diabetes status. Estimated GFR was lower on average in the ALB-CKD groups,
regardless of diabetes status. History of cardiovascular disease was highest in the diabetes
stratum with ALB-CKD (58%, 95% CI 50%-65%), and lowest in the stratum without
diabetes and with NA-CKD (30%, 95% CI 26%-35%). Those with diabetes and NA-CKD
or without diabetes but with ALB-CKD were in between, and similar to one another 43%
(34%-52%) and 39% (32%—46%), respectively.

There was a clear relationship between age and any CKD as shown in Fig. 2. In persons with
diabetes, NA-CKD and ALB-CKD parallel one another, with a steep rise in both starting in
the 5th decade. In persons without diabetes, the prevalence of NA-CKD antedates that of
ALB-CKD from age 40 onward, but took an even sharper rise at age 60.

NA-CKD was less common in males, especially in the non-diabetic stratum. Multivariate
regression analyses controlling for age, ethnicity and poorly controlled HTN showed that the
effect of male gender on the prevalence of NA-CKD was similar regardless of diabetes
status, with an OR=0.58 (95% CI 0.39-0.87) for the diabetic stratum and 0.60 (95% CI
0.41-0.88) for the non-diabetic stratum (Table 2).

In the diabetic stratum, there is a similar prevalence of NA-CKD and ALB-CKD, regardless
of ethnicity. Conversely, in the diabetic stratum, non-Hispanic Whites have a greater
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preponderance of NA-CKD whereas non-Hispanic Blacks have a greater predominance of
ALB-CKD (Table 1). Multivariate regression analyses controlling for age, gender and
poorly controlled HTN revealed that in comparison to non-Hispanic Whites, the OR for NA-
CKD was significantly lower in the non-diabetic, non-Hispanic Black and ‘Other’ ethnic
groups, OR=0.44 (95% CI 0.29-0.68) and 0.57 (95% CI 0.34-0.96), respectively (Table 2).

The prevalence of poorly controlled hypertension, defined as a MAP=105mmHg, was
significantly lower in those with NA-CKD, regardless of diabetes status (Table 1). In
comparison with persons with a MAP<105mmHg, multivariate regression analyses
adjusting for age, gender and ethnicity yielded an OR for NA-CKD of 0.25 (95% CI: 0.13—
0.50) in the stratum with diabetes and 0.30 (95% CI 0.20-0.46) in the stratum without
diabetes (Table 2).

In the cohort with diabetes, poor glycemic control (defined as an HbAlc>7.0%) was also
associated with a decreased prevalence of NA-CKD. In multivariate regression analyses
controlling for age, gender, ethnicity and poorly controlled hypertension, the OR for NA-
CKD was 0.48 (95% CI 0.31-0.74) (Table 2). Persons with diabetes and near normal HbAlc
(<6.0%) still had higher prevalence rates of NA-CKD than those without diabetes (data not
shown).

Sensitivity analyses using gender-specific cut-points for UACR did not significantly alter
the results.

4. Discussion

In this study of NHANES 2001-2008, we found that at least half of the U.S. population with
predominantly type 2 diabetes and eGFR<60mI/min/1.73m2 has normal urinary albumin
excretion. While the proportion of individuals with NA-CKD is greater in the population
with diabetes than without; NA-CKD accounts for a greater preponderance of CKD in the
non-diabetic population. Women and non-Hispanic Whites account for the majority of NA-
CKD. The proportion of individuals with diabetes who have NA-CKD decreases with
worsening glycemic control and poorly controlled hypertension. Regardless of diabetes
status, the majority of individuals with a MAP>105mmHg have albuminuric CKD.

It may be that diabetes contributes to the development of NA-CKD via pathways which
may, at least in part, be separate from hyperglycemia and elevated blood pressure. This
hypothesis is supported by our finding that in the diabetic population with low and even
‘normal’” HbAlc levels, NA-CKD prevalence is still higher than in the non-diabetic
population. Likewise, others have found that HbA1c levels and the prevalence of other
microvascular complications are lower in those type 2 diabetic persons with NA-CKD
(Kramer et al., 2003; Maclsaac et al., 2004; Penno et al., 2011; Rigalleau et al., 2007;
Thomas et al., 2009; Yokoyama et al., 2009). The finding that the prevalence of NA-CKD is
significantly lower in those with poorly controlled hypertension, also supports the
hypothesis that hypertension is less likely to be a key mediator of NA-CKD. Additionally,
there is a well-documented association of hypertension and albuminuria, especially in the
setting of diabetes (Bakris et al., 2003; Schrier, Estacio, Esler, and Mehler, 2002). However,
a threshold effect of blood pressure on albuminuria and/or on the nature of the renal lesions
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mediated by hypertension cannot be ruled out. Potential pathogenic alternatives to the
underlying mechanisms of NA-CKD include accelerated vascular disease, renal aging and
diabetic nephropathy injury pathways which are, at least in part, independent of
hyperglycemia and HTN.

If NA-CKD in type 2 diabetes is not the entirely the direct result of hyperglycemia or
hypertension, these persons may have distinct nephropathologic findings compared with
ALB-CKD. Biopsy studies have never been undertaken to specifically compare whether
NA-CKD and ALB-CKD are distinct versus overlapping phenotypes of kidney disease in
people with type 2 diabetes. Research kidney biopsies of type 1 diabetic patients with NA
and decreased measured GFR (mMGFR) <90ml/min/1.73m? identified more severe diabetic
glomerular changes than in type 1 diabetic patients with NA and normal mGFR (Caramori et
al., 2003; Lane et al., 1992). Compared to type 1 diabetes, the pathology in people with type
2 diabetes is far more varied, and for any given level of albuminuria, classical diabetic
nephropathy lesions are less severe in type 2 diabetic patients (Fioretto et al., 1996). Type 2
diabetic patients may have normal or near normal renal structure despite proteinuria or may
have vascular, tubulointerstitial and/or global glomerulosclerotic lesions out of proportion to
classical diabetic nephropathy lesions. Only about one-third have typical diabetic
nephropathy lesions. This suggests either more complex pathogenetic processes and/or
different responses of aging in renal tissues to the diabetic milieu. The importance of
elucidating the underlying pathologic changes in NA versus ALB-CKD is to determine
whether there may be distinct molecular mechanisms that should be targeted for therapy
according to these two disease phenotypes.

NA-CKD in diabetes has been noted to carry a more benign clinical course with respect to
GFR loss when compared to CKD and macroalbuminuria, but is similar to that of CKD with
microalbuminuria (Molitch et al., 2010; Rigalleau et al., 2007). Regardless of diabetes
status, NA-CKD also appears to carry a decreased risk of cardiovascular events when
compared with ALB-CKD (Brantsma, Bakker, Hillege, de Zeeuw, de Jong, and Gansevoort,
2008; Hemmelgarn et al., 2010; Penno et al., 2011; Thomas et al., 2009). Undoubtedly,
macroalbuminuria carries a very poor prognosis. From a population perspective, however,
the burden of disease carried by NA-CKD is substantial. Moreover, given that CKD in the
presence of microalbuminuria is similar in rate of progression to NA-CKD, these two
entities, combined, account for the overwhelming majority of CKD in the U.S. population.
Studies of the long-term natural history and prognosis of these persons are sorely needed.
However, even if the risk for end-stage kidney disease is lower than for ALB-CKD, the
healthcare costs, morbidity and mortality from cardiovascular and renal events from NA-
CKD are still likely to be high (Ito et al., 2010; Penno et al., 2011). Moreover, with the
rising incidence of diabetes (especially type 2) among youth, the duration of diabetes will
correspondingly increase, resulting in more widespread microvascular complications (Liese
et al., 2006).

Limitations to the present study include its exclusion of institutionalized individuals who
likely have higher rates of diabetic complications, exclusion of a substantial number of
individuals who did not have available a serum creatinine or UACR. UACR was measured
using a single random urine collection which tends to be less robust in classification of
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albuminuria than first morning urine specimen, although this would favor under diagnosis of
normoalbuminuria. Also, a single urine specimen is more prone to misclassification of the
albuminuria status compared to the stricter standard of at least two of three consecutive
samples in the same albuminuria range. We did not include duration of diabetes in
multivariate analyses because this information was missing in the majority of participants.
Strengths of the study include the ethnically diverse, population-based national sample. We
used unbiased diagnostic criteria for diabetes, including those who were previously
undiagnosed.

Our analyses of a comprehensive sample of the U.S. population underscore the large
population burden of NA-CKD. We have elucidated several modifying factors of NA-CKD
versus ALB-CKD among people with and without diabetes. These findings point to the
possibility that these are distinct phenotypes, and suggest that further study of the underlying
pathology should be undertaken.
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[ NHANES 2001-2008 (n = 41658) ]

y

[ 20 years older than (n = 21366) ]

= excluded n=2825

due to missing

eGFR or UACR data

Diabetes Stratum: No Diabetes Stratum
(n= 2798) (11.2%)" (n= 15743) (88.8%)%

= Self reported : n=2013
= HbA1C > 6.5% : n=1786
= Fasting glucose =126 mg/dl: n=1734

A\ 4 \ 4
Diabetes Stratum Without Diabetes
(n=2798) (n=15326)

1581 (61.5%)" NA-normal GFR 13430 (88.9%)"
642 (21.2%)" ALB-normal GFR 1087 (5.6%)"
298 (9.7%)" NA-CKD 893 (4.3%) "
277 (7.6%)" ALB-CKD 333 (1.3%)"

Fig. 1.

Algorithm and participant numbers meeting selection criteria for study of chronic kidney
disease (eGFR<60mI/min/1.73m?2) with albuminuria (ALB) =30mg/g and normoalbuminuria
(NA) <30mg/g in NHANES 2001-2008.
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Fig. 2.

Age-specific prevalence of chronic kidney disease (CKD) defined as eGFR <60ml/min/
1.73m2 according to diabetes status and albuminuria (ALB) =30mg/g or normoalbuminuria
(NA) <30mg/g on a random urine specimen from NHANES 2001-2008.
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Demographic and clinical characteristics of participants of NHANES 2001-2008 with CKD according to

diabetes and albuminuric status.

Characteristics

Diabetes M ellitus

Without Diabetes M dllitus

Normoalbuminuric CKD

Albuminuric CKD

Nor moalbuminuric CKD

Albuminuric CKD

mean (95% CI)

mean (95% CI)

mean (95% CI)

mean (95% CI)

Age, years
gender, % female
Ethnicity, %
Non-Hispanic White
Non-Hispanic Black
Other
Systolic Blood Pressure (mmHg)
Diastolic Blood Pressure (mmHg)
Low Density Lipoprotein (mg/dl)
High Density Lipoprotein (mg/dl)
Body mass index, % =30

Mean arterial pressure, %
>105mmHg

History of cardiovascular disease, %

History of antihypertensive
treatment, %

RAAS inhibitors
Beta blockers
Diuretics

Estimated GFR, ml/min/1.73m?

N=298
71 (69-73)
58 (52-65)

78 (73-83)

13 (9-17)

9 (6-12)

133 (130-136)
61 (59-64)
109 (103-115)
51 (49-53)

50 (43-56)

8 (5-12)

38 (31-45)

97 (94-99)

44 (37-51)
39 (32-46)
36 (30-43)
49 (48-50)

N=277
72 (70-74)
52 (46-59)

71 (65-78)

16 (10-21)

13 (7-19)

146 (142-151)P
65 (62-68)

98 (89-107)

49 (47-51)

50 (43-57)
19 (13-24)0
56 (49-63)P
97 (95-99)
53 (47-60)
46 (39-54)
43 (35-51)

42 (40-44)0

893
71 (70-72)
65 (61-70)

92 (89-94)b
4(3-5)C

5 (3-6)C

133 (131-135)
66 (65-68)P
116 (111-121)
56 (54-57)P
26 (23-29)0

9 (7-11)

27 (24-31)
87 (83-91)°
28 (25-32)P
29 (26-33)

27 (24-30)
50 (50-51)

333
73 (70-74)

52 (44-60)2

79 (74-85)2

12 (8-17)2

8 (4-12)

146 (143-149)2
67 (63-70)

109 (101-117)
54 (52-57) ©
27 (21-33)C

27 (21-32)2

39 (33-46)3C
91 (88-95)

35 (28-41)C
35 (28-42)
35 (27-42)

44 (43-45)2

CKD=chronic kidney disease defined as eGFR<60mI/min/1.73m2; RAAS=renin-angiotensin-aldosterone system; GFR=glomerular filtration rate

a . ) . . . A
Nonoverlapping confidence intervals with the nondiabetic normoalbuminuric CKD group.

Nonoverlapping confidence intervals with the diabetic normoalbuminuric CKD group.

CNonoverIapping confidence intervals with the diabetic albuminuric CKD group.
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Table 2

Odds Ratios (OR) for Normoalbuminuric (NA) versus Albuminuric (ALB) Chronic Kidney disease (eGFR
<60ml/min/1.73m2) according to gender, ethnicity, uncontrolled hypertension and uncontrolled diabetes.

Variables Diabetes OR (95% CI)  No Diabetes OR (95% Cl)

Gender

1duosnue Joyiny 1duosnuen Joyiny 1duasnuen Joyiny

1duasnuen Joyiny

Female (reference)

Male

Ethnicity
Non-Hispanic Whites (reference)

Non-Hispanic Blacks

Latino & Others

Mean Arterial Pressure

<105mmHg (reference)

>105mmHg

HbAlc

<7.0 % (reference)

27.0%

1.00
0.58 (0.39-0.87)

1.00
0.89 (0.53-1.51)
0.67 (0.33-1.36)

1.00
0.25 (0.13-0.50)

1.00
0.48 (0.31-0.74)

1.00
0.60 (0.41-0.88)

1.00
0.44 (0.29-0.68)
0.57 (0.34-0.96)

1.00
0.30 (0.20-0.46)

1.00
N/A
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