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ABSTRACT
Type 2 diabetes associates with increased risk of mortality, but how kidney disease contributes to this
mortality risk among individualswith type 2diabetes is not completely understood.Here,weexamined10-
year cumulative mortality by diabetes and kidney disease status for 15,046 participants in the Third Na-
tional Health and Nutrition Examination Survey (NHANES III) by linking baseline data from NHANES III
with the National Death Index. Kidney disease, defined as urinary albumin/creatinine ratio$30 mg/g and/
or estimated GFR#60 ml/min per 1.73 m2, was present in 9.4% and 42.3% of individuals without and with
type 2 diabetes, respectively. Among people without diabetes or kidney disease (reference group), 10-
year cumulative all-cause mortality was 7.7% (95% confidence interval [95%CI], 7.0%–8.3%), standardized
to population age, sex, and race. Among individuals with diabetes but without kidney disease, standard-
ized mortality was 11.5% (95% CI, 7.9%–15.2%), representing an absolute risk difference with the refer-
ence group of 3.9% (95% CI, 0.1%–7.7%), adjusted for demographics, and 3.4% (95% CI,20.3% to 7.0%)
when further adjusted for smoking, BP, and cholesterol. Among individuals with both diabetes and kidney
disease, standardized mortality was 31.1% (95% CI, 24.7%–37.5%), representing an absolute risk differ-
ence with the reference group of 23.4% (95% CI, 17.0%–29.9%), adjusted for demographics, and 23.4%
(95% CI, 17.2%–29.6%) when further adjusted. We observed similar patterns for cardiovascular and non-
cardiovascularmortality. In conclusion, thosewith kidney disease predominantly account for the increased
mortality observed in type 2 diabetes.
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In 2012, there were an estimated 346 million indi-
viduals with diabetes worldwide.1 This number is
expected to rise to .430 million by 2030.2 Diabetes
is associated with substantially increased risk of mor-
tality, particularly due to cardiovascular disease.3

Kidney disease, defined by increased urine albu-
min excretion and/or impaired GFR, is also strongly
associated with increased risk of all-cause and car-
diovascular mortality, both among persons with dia-
betes4,5 and in the general population.6–10 The critical
effect of kidneydisease onmortality in type 1 diabetes
was emphasized in two recent reports.11,12 Each study
demonstrated that excess mortality was confined to
the subgroup with kidney disease.

The degree to which kidney disease captures risk
of adverse health outcomes in type 2 diabetes has

not been determined. The findings from type 1 dia-
betes may not extrapolate to type 2 diabetes because
the latter is frequently associated with other comor-
bidities that affect mortality. This question has
crucial public health implications because type 2
diabetes predominates among the 26 million US
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adults with diabetes13,14 and identifying predictors of excess
mortality in type 2 diabetes is essential in order to optimally
target risk-reduction strategies. The primary objective of this
study was to quantify and compare the excess risk of all-cause
and cause-specific mortality among individuals with type 2
diabetes in presence or absence of kidney disease.

RESULTS

Of 15,762 individuals aged $20 years in the Third National
Health and Nutrition Examination Survey (NHANES III),
15,046 have follow-up mortality data to 2006 and were in-
cluded in this study (95.5%). Of these, 9.5% had type 2 di-
abetes (Table 1, Supplemental Table 1). Among persons with
diabetes, 42.3% had kidney disease, as defined by albuminuria,
impaired GFR or both (Figure 1). In comparison, 9.4% of
people without diabetes had kidney disease. Participants
with diabetes, kidney disease, or both were older and had
higher mean systolic BP and higher mean concentrations of
non-HDL cholesterol (Table 1).

Ten-year cumulative all-causemortality, standardized to aver-
age age, sex, and race in the whole population, was 19.1% (95%
confidence interval [95% CI], 15.5–22.7) among people with
diabetes compared with 8.6% (95% CI, 7.9–9.3) among people
without diabetes. Standardized 10-year cumulative cardiovascu-
lar mortality was 11.2% (95% CI, 8.7–13.7) among people with
diabetes compared with 4.0% (95% CI, 3.7–4.4) among people
without diabetes. Standardized 10-year cumulative noncardio-
vascular mortality followed a similar pattern (Table 2).

In the reference groupconsistingofpeoplewithnodiabetesor
kidney disease, 10-year cumulative all-causemortality, standard-
ized to population age, sex and race,was 7.7%(95%CI, 7.0–8.3).
Among people with diabetes and no kidney disease, the stan-
dardized mortality was 11.5% (95% CI, 7.9–15.2), hence an
absolute risk difference compared with the reference group of
3.9% (95%CI, 0.1–7.7) when adjusted for age, sex and race and
3.4% (95% CI, 20.3 to 7.0) after additional adjustment for
smoking, BP, and cholesterol. Among individuals with both di-
abetes and kidney disease, standardized mortality was 31.1%
(95% CI, 24.7–37.5), with an absolute risk difference of 23.4%
(95% CI, 17.0–29.9) after adjustment for age, sex, and race and
23.4% (95% CI, 17.2–29.6) after additional adjustment for
smoking, BP, and cholesterol (Table 3). The same patterns
were observed for both cardiovascular and noncardiovascular
mortality (Table 3). We observed an interaction between diabe-
tes and kidney disease on the additive scale inwhich the presence
of both was associated with a significantly greater increase in
mortality than the sum of increase in mortality with each risk
factor alone (P,0.01). This interaction was not present when
evaluated on the multiplicative scale (P=0.86).

Weundertook additional analyses to confirm the robustness of
the observed associations between kidney disease and mortality.
We observed similar results in individuals whowere and were not
taking renin-angiotensin system (RAS) inhibitors (Supplemental

Table 2), although small numbers of events were observed in
some strata. We also evaluated the results after excluding 75 par-
ticipants with estimated GFR (eGFR) ,30 ml/min per 1.73 m2

(0.5% of the study population), and the results were not sub-
stantially different. Risk differences comparing participants with
and without kidney disease were similar among participants with
undiagnosed and diagnosed diabetes (Supplemental Figure 1). In
addition, among individuals with type 2 diabetes, additional ad-
justment for diabetes-related variables (hemoglobin A1c
[HbA1C], diabetes duration, and use of glucose-lowering med-
ications) did not significantly alter the absolute difference inmor-
tality comparing those with and without kidney disease (from
18.9% [95% CI, 12.6–25.2] to 17.9% [95% CI, 11.5–24.3]).

Albuminuria and impaired GFR were each independently
associated with increased risks of all-cause mortality in presence
or absence of diabetes (Figure 2, Supplemental Table 3). An in-
teraction was detected between albuminuria and GFR among
participants without diabetes on the additive (P,0.001) but not
the multiplicative scale (P=0.31). This interaction was not sta-
tistically significant on either an additive or multiplicative scale
in the smaller group with diabetes (P=0.23 and P=0.50, respec-
tively). Associations of impaired GFR with increased mortality
risk were observed across the range of albuminuria (Supplemen-
tal Figure 2).

DISCUSSION

Type 2 diabetes was associated with substantially increased risk
of all-cause and cardiovascular mortality in the US population,
as expected. However, this excess risk was concentrated in the
subgroup of people with diabetes and kidney disease, manifest as
albuminuria, impairedGFR,orboth.Kidneydiseasewascommon
among people with diabetes and associated with substantially
increased mortality risk. Absent kidney disease, diabetes was not
associated with a large increase in risk of mortality.

The robust association of kidney disease with mortality in
persons with or without diabetes has been observed in previous
studies.4–10,15 This study extends this work by examining how
kidney disease influences the association of diabetes with mor-
tality. Risk differenceswere evaluated on the absolute scale, which
is particularly relevant to clinical care and public health because it
reflects the marginal risk to individuals and populations, taking
into account the baseline risk among unexposedmembers of the
population.16–18 Using this approach, we observed an additive
interaction between diabetes and kidney disease such that the
coexistence of kidney disease and diabetes was associated
with a considerably larger excessmortality than the sumof excess
risks associated with either risk factor alone. Such an interaction
was not observed when evaluated on the relative scale, which has
been applied in prior studies.7,19 Our results highlight people
with both type 2 diabetes and kidney disease as a population at
particularly high risk of adverse health outcomes.

Mortality rates in the absence of kidney disease have been
studied in type 1 diabetes11,12,20,21 and a small cohort of
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individuals with type 2 diabetes.22 In contrast to these studies,
which used indirect comparison to population standards, this
study compared mortality in individuals with diabetes and no
kidney disease directly with mortality in a group of individuals
with no diabetes or kidney disease from the same population,
using identical measures for assessment and adjusting for major
confounders. Surprisingly, in absence of kidney disease, type 2
diabetes was not associated with a large increase in mortality
risk. These results suggest that persons with diabetes are hetero-
geneous with respect to their risk of all-cause and cardiovascular
mortality, and that kidney disease powerfully identifies a subset
of people with increased health risk.

As observed in prior studies, albuminuria and impaired
GFR were independent risk factors for death.4,5,7,9,10,23 The

observation that impaired GFR alone is associated with a high
mortality risk among persons with diabetes is important
because this manifestation of diabetic kidney disease in partic-
ular is increasing over time.14 In addition, there was an inter-
action between albuminuria and impaired GFR such that their
combination was associated with a greater difference in mor-
tality than the sum of their individual effects. This interaction
was statistically significant only among the large number
of participants without diabetes but did not reach statistical
significance in the smaller group of participants with diabetes
or when risk was evaluated on the relative scale, as in prior
studies.10,24

Themajor limitationofour study is its observationalnature.
As such, it is notpossible todeterminewhetherkidneydisease is

Table 1. Baseline characteristics of participants

Variable

No Diabetes Diabetes

No Kidney Disease Kidney Disease No Kidney Disease Kidney Disease

n

Weighted
Proportion

or Mean (SEM)
n

Weighted
Proportion

or Mean (SEM)
n

Weighted
Proportion

or Mean (SEM)
n

Weighted
Proportion

or Mean (SEM)

11,742a 90.6(0.4) 1874 9.4 (0.4) 772 57.7 (2.1) 658 42.3 (2.1)
Age (yr) 42 (15.0) 57 (20) 56 (13.4) 62 (14.0)
Female 6203 51.5 (0.5) 1026 59.9 (2.5) 365 41.2 (2.6) 370 57.4 (3.5)
Race
White, not Hispanic 5081 77 (1.3) 664 72.7 (1.9) 280 66.4 (3.2) 198 69.1 (3.1)
Black, not Hispanic 3191 10 (0.6) 419 14.4 (1.2) 278 17.8 (1.7) 174 16.9 (2.1)
Mexican American 3401 5.3 (0.4) 300 4.5 (0.5) 259 7.2 (0.9) 191 6.8 (0.8)

Current smoker 3262 29.9 (0.9) 386 23.8 (1.9) 155 20 (2.1) 107 20.6 (3.2)
Body mass index (kg/m2) 26.2 (5.4) 26.9 (5.8) 30.5 (6.7) 31.1 (6.5)
eGFR (ml/min per 1.73 m2)b 102.1 (17.7) 78.5 (28.5) 92.9 (17.8) 75.6 (26.7)
Albumin/creatinine ratio (mg/g) 7 (5.2) 128 (369.5) 10 (7.4) 317 (873.0)
Lipids
Non-HDL cholesterol (mg/dl) 150 (42.8) 164.8 (47.2) 170.4 (45.6) 186.4 (52.9)
Lipid-lowering agents (%)c 169 1.6 (0.2) 72 4.8 (1) 40 9.3 (1.7) 34 8.4 (1.8)

BP (mmHg)
Systolic 120 (15.4) 135 (23.1) 132 (16.8) 140 (20.8)
Diastolic 74 (9.66) 77 (11.97) 76 (9.78) 77 (10.56)

Antihypertensive agents (%)c 1442 10.3 (0.5) 818 38.5 (1.6) 265 34.7 (3) 397 59.2 (3.9)
HbA1C (%) 7.9 (1.7) 8.3 (2.1)
Glucose-lowering agents (%)c

None 396 47.9 (2.8) 253 38.7 (3)
Oral agents only 266 34.1 (2.4) 226 37 (2.9)
Insulin 6 oral agents 110 18 (2.8) 179 24.3 (2.8)

Duration of diabetes (yr)d

Previously undiagnosed 313 37.1 (2.4) 173 30.9 (3.1)
0–4.9 180 27.4 (3) 134 26.4 (2.9)
5–9.9 99 16.8 (2.9) 86 13.6 (2.2)
10–19.9 112 13.4 (1.8) 140 17.7 (2.6)
$20 51 5.3 (1.1) 108 11.4 (1.8)

Proportions reflect row percentages for each subgroup in the top row and means or columns percentages in all other rows. Means are listed with SEMs in pa-
rentheses. Proportions and means are weighed to NHANES sampling distributions. To convert GFR in ml/min to ml/s, multiply by 0.01667. To convert non-HDL
cholesterol in mg/dl to mmol/L, multiply by 0.0259. The P values for comparison among the four groups were significant for all variables (0.002 for sex, 0.004 for
body mass index, and ,0.001 for all other variables).
aThe sample sizes for continuous variables (age, body mass index, eGFR, albumin/creatinine ratio, non-HDL cholesterol, BP and HbA1C) are listed in the first row.
bGFR is calculated using the CKD-EPI equation.
cPercentage of individuals using the listed medications.
dDuration of diabetes was self-reported.
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causally related to excess mortality risk. Kidney disease may
be a noncausal marker of cumulative vascular damage. For
example, microalbuminuria is highly correlated with general
endothelial dysfunction and may reflect widespread vascular
damage beyond kidney injury.25 Alternatively, kidney disease
may contribute directly to mortality by promoting cardio-
vascular risk factors such as hypertension, insulin resistance,
oxidative stress, endothelial dysfunction, and inflammation.
Either way, the presence of kidney disease robustly identifies
a diabetes subpopulation at high risk of death.

Additional limitations of this study include the evaluationof
kidney function and albuminuria status at a single point in
time, lack of follow-up regarding new diabetes diagnoses or
changes in kidney function, potential misclassification in deter-
mination of cause of death based on International Classification
of Diseases codes, and the relatively low prevalence of RAS in-
hibitor use. Of these, single-point evaluation of kidney function

and albuminuria status and lack of follow-up information
would likely reduce observed differences in mortality due to
nondifferential misclassification. Use of RAS antagonists has
become more common since NHANES III,14 but subgroup
analyses demonstrating similar associations of diabetes and
kidney disease with mortality with or without use of these
medications suggest that results are applicable to current med-
ical care. It should be noted that our data do not address the
effect of RAS antagonists onmortality, rather their effect on the
association between kidney disease and mortality. Study
strengths include wide external validity of the data, large sam-
ple size, and number of events, uniform assessment of kidney
function and diabetes, comparison with population-internal
controls, and evaluation of associations and interactions on
the clinically relevant additive scale.

This study supports a renewed focus on the prevention and
treatment of kidney disease in diabetes. Most importantly, the
subgroup with kidney disease appears to carry most of the
excess all-cause and cardiovascular mortality risk of type 2
diabetes. Therefore, we suggest that people with both diabetes
and kidney disease be targeted for therapeutic interventions
designed to reduce cardiovascular disease and mortality.

CONCISE METHODS

Study Population
TheNHANES is a population-based programof studies conducted by

the National Center for Health Statistics of the US Centers for Disease

Control and Prevention. NHANES combines data from interviews,

physical examinations, and laboratory assays on collected blood and

urine specimens to assess the health and nutritional status of civilian,

noninstitutionalized children and adults in the United States. Elderly

and ethnicminorities (non-Hispanic blacks andMexican Americans)

are oversampled to enable amore detailed assessment of these groups.

NHANES III was conducted between 1988 and 1994 and provides

nationally representative data for 33,994 individuals aged$2months.

This study uses data from NHANES III participants aged$20 years,

who participated in a health examination and had available data on

medications used, serum creatinine, and urine albumin and creati-

nine concentrations. Of these, we included only participants who had

follow-upmortality data through 2006 (15,046 of 15,762 of NHANES

III participants, 95.5%). All NHANES protocols were approved by

the Research Ethics Review Board of the National Center for Health

Statistics and all participants signed written informed consent forms.

Diabetes Definition
Diabetes was defined as use of glucose-lowering medicines and/or

HbA1C$6.5%, as per recent updates to diagnostic criteria for type 2

diabetes.14,26,27 HbA1C was used to detect diabetes in NHANES par-

ticipants without necessitating fasting glucose measurements.

HbA1C was measured using high-pressure liquid chromatography

and standardized to the Diabetes Control and Complications Trials

laboratory.28 We excluded participants with probable type 1 diabetes,

defined as diabetes diagnosis before age 30 years, first insulin use

Figure 1. Prevalence (A) and manifestations (B) of kidney disease
in diabetic and nondiabetic subpopulations of the United States.
Prevalence values are estimated percentages of total US pop-
ulation, calculated using NHANES sample weighing. Error bars
indicate 95% CIs. Closed bars (▪) and open bars (□) represent
prevalence in individuals with and without diabetes, respectively.

Table 2. Ten-year standardized all-cause and cardiovascular
mortality by diabetes status

Standardized Cumulative
Incidence, % (95% CI)

All-cause mortality
No diabetes 8.6 (7.9–9.3)
Diabetes 19.1 (15.5–22.7)

Cardiovascular mortality
No diabetes 4.0 (3.7–4.4)
Diabetes 11.2 (8.7–13.7)

Noncardiovascular mortality
No diabetes 6.3 (5.7–6.9)
Diabetes 13.1 (9.8–16.4)

Absolute differences in mortality risk were estimated using linear regression
and were adjusted for age, sex, and race. Standardized 10-year all-cause
cumulative incidences were estimated from the model for the mean levels of
the covariates in the study population.
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within 2 years of diagnosis, and current insulin use. Diabetes duration

was self-reported by questionnaire.29

Kidney Disease Definition
Kidney disease was defined as albuminuria, impaired GFR, or both.

Albuminuria was defined as a urine albumin/creatinine ratio $30

mg/g.26,30 In NHANES, urine albumin and creatinine concentrations

were measured in one random urine sample. Urine albumin was

measured using a solid-phase fluorescent immunoassay, with intra-

assay and inter-assay coefficients of variation ,8%.31 Serum creati-

nine was measured using the kinetic Jaffe rate method.28 The

NHANES III serum creatinine values were calibrated for use in the

Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI)

equation28 and the eGFR was calculated from the calibrated serum

creatinine using the CKD-EPI equation.32 Impaired GFR was defined

as a GFR #60 ml/min per 1.73 m2.

Other Clinical Characteristics
Age, sex, and race/ethnicity were obtained from questionnaire

responses.29 Medicine use during the month before the NHANES

physical examination was ascertained by in-person interviews.

Body mass index was calculated as weight in kilograms divided by

height in meters squared. BP was determined by the average of $3

consecutive measurements, separated by 30 seconds and after 5 min-

utes of rest. Total and HDL cholesterol were measured using a series

of enzymatic reactions whose final product was measured using a

calorimetric assay.33 Non-HDL cholesterol was evaluated because

LDL cholesterol was not available in 56% of individuals (e.g., due

to nonfasting status or triglyceride levels .400 mg/dl).28

Outcomes
The main outcomes were death from any cause and death from

cardiovascular causes within 10 years of survey participation. These

are binary outcomes that allow estimation of risk differences in theUS

population.Mortality data throughDecember 31, 2006were obtained

by linkage to the National Death Index records using probabilistic

matching,34 which was 98.5% complete. National Death Index re-

cords provide information on the date and underlying cause of death.

Causes of death and definition of cardiovascular International Clas-

sification of Diseases codes are described in the Supplemental Mate-

rial. There was no censoring for 10-year all-causemortality. However,

cause of deathwas unknown for 1.1% of the study population. There-

fore, data on cause-specific mortality were available for 98.9% of this

population.

Table 3. Ten-year standardized all-cause and cardiovascular mortality by diabetes and kidney disease status

Number of
Events

Standardized Cumulative
Incidence, % (95% CI)

Adjusted Difference in Cumulative
Incidence, % (95% CI)

Model 1 Model 2

All-cause mortality
None 1027 7.7 (7.0–8.3) 0 (Reference) 0
Diabetes 168 11.5 (7.9–15.2) 3.9 (0.1–7.7) 3.4 (20.3 to 7.0)
Kidney disease 750 17.2 (14.6–19.7) 9.5 (7.0–12.0) 9.0 (6.6–11.4)
Diabetes and kidney disease 332 31.1 (24.7–37.5) 23.4 (17.0–29.9) 23.4 (17.2–29.6)

Cardiovascular mortality
None 347 3.4 (3.1–3.7) 0 0
Diabetes 68 6.7 (4.2–9.1) 3.3 (0.7–5.8) 3.0 (0.3–5.6)
Kidney disease 343 9.9 (7.9–11.9) 6.5 (4.5–8.5) 6.1 (4.0–8.1)
Diabetes and kidney disease 155 19.6 (14.7–24.4) 16.1 (11.2–21.0) 16.0 (11.1–20.9)

Noncardiovascular mortality
None 663 5.7 (5.2–6.3) 0 0
Diabetes 97 7.2 (3.9–10.5) 1.5 (22.0 to 4.9) 1.1 (22.1 to 4.2)
Kidney disease 404 11.7 (9.5–13.9) 6.0 (3.9–8.1) 6.0 (4.0–7.9)
Diabetes and kidney disease 174 23.2 (16.5–29.9) 17.5 (10.6–24.3) 18.1 (11.4–24.8)

Absolute differences inmortality risk were estimated using linear regression andwere adjusted for age, sex, and race (model 1) or additionally adjusted for smoking,
BP, and cholesterol (model 2). Standardized 10-year all-cause cumulative incidences were estimated frommodel 1 for themean levels of the covariates in the study
population. In the two columns to the right, adjusted cumulative incidence of mortality in each of the three other subgroups is compared with that of the no-
diabetes, no-kidney disease subgroup. Cause of death was unknown for 1.1% of study participants.

Figure 2. Ten-year mortality in type 2 diabetes by kidney disease
manifestation. Absolute differences in mortality risk were esti-
mated using linear regression and were adjusted for age, sex, and
race. Standardized 10-year all-cause cumulative incidences were
estimated for the mean levels of the covariates in the study
population. The dashed line indicates mortality in persons without
diabetes or kidney disease (the reference group). The numbers
above bars indicate excess mortality above the reference group.
Error bars indicate 95% CIs.
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Statistical Analyses
Rawcumulative incidenceswereestimatedby taking themeanof theevent

indicators.Ten-yearcumulativemortalitywasstandardizedtotheage, sex,

and race/ethnicity distribution of the study population. Standardized

cumulative incidences were estimated by entering the average covariate

values of the study population into the regression model with each

possible value of diabetes and kidney disease in order to estimate the

10-year risk at the four possible levels of kidney disease and diabetes for

a population with the covariates of the average US adults. Absolute

differences inmortality risk were estimated using linear regression. Valid

inferencewasobtainedusing aTaylor series linearizationwith adjustment

for the sampling weights.35 Linear regression models were adjusted for

categorical age (in 10-year categories), sex, and race/ethnicity; addition-

ally adjusted for systolic and diastolic BP (continuous), use of BP med-

ications (dichotomous), non-HDL cholesterol (continuous), and use of

lipid-lowering medications (dichotomous); and, among persons with

diabetes only, additionally adjusted for duration of diabetes (categories),

use of glucose-lowering medications (categories), and HbA1C (contin-

uous). Estimated measures of association were similar to those obtained

froma time-to-event analysis usingCox proportional hazards regression.

All statistical analyses were performed using the Survey package36

in the R statistical software.37 The algorithms implement the same the-

ory as the SUDAAN software.38 The analyses incorporated recom-

mended sampling weights provided by the National Center for Health

Statistics.29 These weights account for the differential probability of

selection and nonresponse and allow for estimation and inference in

the civilian, noninstitutionalized US population.35
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