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Summary
Background Chronic kidney disease is characterised by low estimated glomerular fi ltration rate (eGFR) and high 
albuminuria, and is associated with adverse outcomes. Whether these risks are modifi ed by diabetes is unknown.

Methods We did a meta-analysis of studies selected according to Chronic Kidney Disease Prognosis Consortium 
criteria. Data transfer and analyses were done between March, 2011, and June, 2012. We used Cox proportional 
hazards models to estimate the hazard ratios (HR) of mortality and end-stage renal disease (ESRD) associated with 
eGFR and albuminuria in individuals with and without diabetes.

Findings We analysed data for 1 024 977 participants (128 505 with diabetes) from 30 general population and high-
risk cardiovascular cohorts and 13 chronic kidney disease cohorts. In the combined general population and high-
risk cohorts with data for all-cause mortality, 75 306 deaths occurred during a mean follow-up of 8·5 years (SD 5·0). 
In the 23 studies with data for cardiovascular mortality, 21 237 deaths occurred from cardiovascular disease during 
a mean follow-up of 9·2 years (SD 4·9). In the general and high-risk cohorts, mortality risks were 1·2–1·9 times 
higher for participants with diabetes than for those without diabetes across the ranges of eGFR and albumin-to-
creatinine ratio (ACR). With fi xed eGFR and ACR reference points in the diabetes and no diabetes groups, HR of 
mortality outcomes according to lower eGFR and higher ACR were much the same in participants with and 
without diabetes (eg, for all-cause mortality at eGFR 45 mL/min per 1·73 m² [vs 95 mL/min per 1·73 m²], HR 1·35; 
95% CI 1·18–1·55; vs 1·33; 1·19–1·48 and at ACR 30 mg/g [vs 5 mg/g], 1·50; 1·35–1·65 vs 1·52; 1·38–1·67). The 
overall interactions were not signifi cant. We identifi ed much the same fi ndings for ESRD in the chronic kidney 
disease cohorts.

Interpretation Despite higher risks for mortality and ESRD in diabetes, the relative risks of these outcomes by eGFR 
and ACR are much the same irrespective of the presence or absence of diabetes, emphasising the importance of 
kidney disease as a predictor of clinical outcomes.

Funding US National Kidney Foundation.

Introduction
Chronic kidney disease is a global public health prob-
lem,1,2 aff ecting 10–16% of the adult population world-
wide.3–8 Decreased estimated glomerular fi ltration rate 
(eGFR) and increased urinary albumin excretion predict 
the major health outcomes of this disorder, including 
end-stage renal disease (ESRD) and death, across a wide 
range of settings.9–13 Whether these associations are 
consistent across diseases or are diff erentially modifi ed 
by the presence or absence of a particular disease or 
condition is uncertain.

Diabetes is the leading cause of chronic kidney disease 
in the developed world,14,15 and people with diabetes and 
chronic kidney disease have a greatly increased risk of all-
cause mortality, cardiovascular mortality, and kidney 
failure. We did a meta-analysis to assess whether the 
associations between eGFR, albuminuria, and mortality 
and kidney outcomes are the same in individuals with 
and without diabetes.

Methods
Study selection criteria
Sources of data for the Chronic Kidney Disease 
Prog nosis Consortium are described elsewhere.9–12,16 
Briefl y, we included studies that had at least 
1000 participants (not applied to studies that pre-
dominantly included patients with chronic kidney 
disease), baseline infor mation about eGFR and albu-
min uria, and at least 50 events for each outcome of 
interest. We restricted our analyses to participants aged 
at least 18 years. Sample size varies slightly com pared 
with our accompanying article about hyper tension17 
because of diff erences in requisite variables and their 
availability across cohorts. Data transfer and analysis 
took place between March, 2011, and June, 2012. Our 
study was approved by the institutional review board at 
the Johns Hopkins Bloomberg School of Public Health 
(Baltimore, MD, USA).
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Procedures
We calculated eGFR with the Chronic Kidney Disease 
Epidemiology Collaboration equation.16,18 In situations in 
which creatinine measurement was not previously 
standard ised to isotope dilution mass spectrometry, 
creatinine concentrations were reduced by 5%, the 
established calibration factor.19 Although urine albumin-
to-creatinine (ACR) ratio is formally recom mended, we 
also included studies in which urine albumin excretion 
rate, urine protein-to-creatinine ratio (PCR), or quan-
titative dipstick protein were measured.20 We defi ned 
diabetes as fasting glucose of at least 7·0 mmol/L, non-
fasting glucose of at least 11·1 mmol/L or glycated 
haemoglobin (HbA1c) of at least 6·5%, use of glucose-
lowering drugs, or self-reported diabetes. We defi ned 
hypertension as systolic blood pressure of at least 
140 mm Hg, diastolic blood pressure of at least 
90 mm Hg, or use of antihypertensive drugs. We defi ned 
hypercholesterolaemia as total cholesterol of at least 
5·0 mmol/L in participants with previous cardiovascular 
disease and of at least 6·0 mmol/L in those without 
previous history of cardiovascular disease. Participants 
with a history of myocardial infarction, coronary 
revascularisation, heart failure, or stroke were deemed 
to have a history of cardiovascular disease. We defi ned 
smoking status as present versus former or never.

Primary outcomes were all-cause mortality, cardio-
vascular mortality, and ESRD, where cardiovascular 
mortality included deaths due to myocardial infarction, 
heart failure, sudden cardiac death, or stroke. We defi ned 
ESRD as initiation of renal replacement therapy or death 
from kidney disease other than acute kidney injury.

Statistical analysis
We applied a two-stage analytical approach, whereby each 
study was analysed separately with a prescribed analysis 
plan, followed by a random-eff ects meta-analysis consisting 
of all study-level results. Participants with missing eGFR, 
albu minuria, or diabetes data at baseline were excluded; 
we imputed the mean for missing values of other baseline 
covariates. Appendix pp 21–24 show the analysis overview 
and analytical notes for individual studies. We quantifi ed 
heterogeneity with the I² statistic and χ² test.9 In view of 
the similarity of results in the general and high-risk 
populations and the large number of mortality outcomes 
in these populations, we combined them for the meta-
analysis of mortality outcomes. Since most ESRD cases 
were from the chronic kidney disease cohorts, the 
associations of eGFR and al buminuria with ESRD are 
shown mainly for these cohorts.

In each study, we fi tted eGFR linear splines (knots were 
placed at each 15 mL/min per 1·73 m² interval from 
30–105 mL/min per 1·73 m² [90 mL/min per 1·73 m² in 
chronic kidney disease cohorts]) and their product terms 
with diabetes status at baseline. We adjusted Cox models 
for age, sex, ethnicity (black vs non-black), smoking, 
systolic blood pressure, total cholesterol, body-mass index, 

history of cardiovascular disease, and albuminuria (log-
transformed ACR and PCR as continuous variables or 
dipstick as a categorical variable [negative, trace, 1+, 2+, 
and ≥3+]). This approach pro vided hazard ratios (HR) for 
eGFR (with a reference of eGFR 95 mL/min per 1·73 m² in 
the general and high risk cohorts and 50 mL/min per 
1·73 m² in the chronic kidney disease cohorts) in both the 
diabetes and no diabetes groups. We assessed interaction 
as the ratio of HR in individuals with diabetes versus those 
without diabetes at each 1 mL/min per 1·73 m² of eGFR 
from 15–120 mL/min per 1·73 m² (60 mL/min per 1·73 m² 
in chronic kidney disease cohorts, point-wise interaction). 
To test the overall interaction across the eGFR range, we 
pooled the coeffi  cients for product terms between eGFR 
splines and diabetes status (representing the diff erence in 
slopes between the diabetes and no diabetes groups) with 
an inverse-variance weighted approach. We used much the 
same methods for the log-ACR risk association analyses 
(knots at 10 mg/g, 30 mg/g, and 300 mg/g; reference at 
ACR 5 mg/g in the general and high-risk cohorts and 
knots at 30 mg/g, 300 mg/g, and 1000 mg/g; reference at 
ACR 20 mg/g in the chronic kidney disease cohorts). We 
adjusted eGFR with its spline terms. In analyses stratifi ed 
by age, sex, or hypertension, we modelled ACR linearly on 
a logarithmic scale. To appreciate the association of 
diabetes with mortality and ESRD risk, estimates of both 
diabetes and no diabetes groups were compared with one 
reference point of eGFR 95 mL/min per 1·73 m² 
(50 mL/min per 1·73 m² in chronic kidney disease cohorts) 
and ACR 5 mg/g (20 mg/g in chronic kidney disease 
cohorts) in the no diabetes group.

We tested for three-way interactions between the kidney 
measures, hypertension, and diabetes by obtaining an 
inverse variance weighted average of coeffi  cients of the 
three-way product terms (kidney measure* hypertension*-
diabetes) in each cohort and then pooled across cohorts. 
This statistic shows the overall interaction of coexistence 
of hypertension and diabetes as compared with what we 
would expect from the interaction by hypertension alone 
(ie, no diabetes) and diabetes alone (ie, no hypertension). 
We also tested the interaction by doing meta-regression 
analysis with a random-eff ects model, which allowed us 
to assess the chronic kidney disease-diabetes interaction 
with studies enrolling individuals with only diabetes or 
only no diabetes.21

We did categorical analyses to compare the risk in 
32 categories of eGFR (<15, 15–29, 30–44, 45–59, 60–74, 
75–89, 90–104, ≥105 mL/min per 1·73 m²) and albu-
minuria (ACR <10, 10–29, 30–299, ≥300 mg/g or PCR 
<15, 15–49, 50–499, ≥500 mg/g; or dipstick test results: 
negative, trace, 1+, 2+ or more), in general and high-risk 
co horts. In chronic kidney disease cohorts the categorical 
analyses were based on 20 categories of eGFR (<15, 15–29, 
30–44, 45–74, ≥75 mL/min per 1·73 m²) and albuminuria 
(ACR <30, 30–299, 300–999, ≥1000 mg/g; or PCR <50, 
50–499, 500–1499, ≥1500 mg/g; or dipstick negative or 
trace, 1+, 2+, 3+ or more).

See Online for appendix



Articles

www.thelancet.com   Published online September 24, 2012   http://dx.doi.org/10.1016/S0140-6736(12)61350-6 3

We used Stata (version 11.2) for analysis. We judged 
p values less than 0·05 to be statistically signifi cant.

Role of the funding source
The sponsors had no role in the study design, data 
collection, analysis, data interpretation, or writing of the 
report. KM and JC had full access to all analyses and all 
authors had fi nal responsibility for the decision to 
submit for publication, informed by discussions with 
the collaborators.

Results
Table 1 and appendix pp 1–3 show baseline character-
istics from individual studies. 1 024 977 participants 
were in cluded, of whom 128 505 (13%) had diabetes. 
Par tici pants with diabetes were generally older than 
those without diabetes and had a higher prevalence 
of hyper ten sion, hypercholesterolaemia, and cardio-
vascular disease.

In the 30 combined general population and high-risk 
cohorts with data for all-cause mortality, 75 306 deaths 
occurred during a mean follow-up of 8·5 years (SD 5·0). 
In the 23 studies with data for cardiovascular mortality, 

21 237 deaths occurred from cardiovascular disease 
during a mean follow-up of 9·2 years (SD 4·9). When we 
set one reference point in the no diabetes group, HR for 
all-cause mortality and cardiovascular mortality at a 
given eGFR or ACR were 1·2–1·9 times higher in 
participants with diabetes than in those without diabetes 
across the entire range of eGFR and ACR (fi gures 1A, 
1C, 2A, 2C). When we set separate references points in 
the diabetes and no diabetes groups to assess an 
interaction with diabetes specifi cally, HR for low eGFR 
and high ACR were much the same in participants with 
and without diabetes, showing no point-wise interaction 
(fi gures 1B, 1D, 2B, 2D).

The overall interaction of diabetes, computed as 
relative HR between individuals with diabetes and those 
without diabetes averaged across the entire range of 
eGFR for a 15 mL/min per 1·73 m² reduction was 
not signifi cant for either outcome (relative HR 1·00; 
95% CI 0·97–1·04; p=0·92 for all-cause mortality, 0·97; 
0·93–1·02; p=0·20 for cardiovascular mortality). We 
recorded much the same results for a ten-times increase 
in ACR (relative HR 0·99; 95% CI 0·91–1·08; p=0·86 for 
all-cause mortality and relative HR 0·97; 0·86–1·10; 

Individuals with diabetes Individuals without diabetes

N Age Women Black HTN History 
of CVD

HC Smoking eGFR Albu-
min-
uria‡

N Age Women Black HTN History 
of CVD

HC Smoking eGFR Albu-
min-
uria‡

General population cohorts

Aichi 306 53 
(5·5)

9% 0% 46% 2% 26% 42% 96 
(14·5)

8% 4425 48 
(7·0)

21% 0% 24% 1% 20% 29% 97 
(13·8)

2%

ARIC* 1901 63 
(5·6)

52% 35% 66% 24% 44% 13% 84 
(19·0)

22% 9489 63 
(5·7)

57% 19% 44% 12% 34% 15% 84 
(14·8)

6%

AusDiab* 933 63 
(12·5)

47% 0% 69% 23% 60% 13% 78 
(17·9)

22% 10 105 51 
(14·1)

55% 0% 29% 7% 43% 16% 87 
(16·4)

5%

Beaver Dam CKD 496 66 
(10·0)

56% 0% 69% 28% 57% 15% 77 
(19·8)

12% 4361 62 
(11·2)

56% 0% 48% 13% 54% 20% 80 
(17·8)

3%

Beijing* 433 62 
(8·7)

48% 0% 67% 25% 35% 22% 82 
(15·2)

13% 1126 59 
(9·7)

51% 0% 51% 15% 26% 24% 84 
(13·8)

3%

CHS* 471 77 
(4·6)

52% 24% 75% 43% 39% 9% 75 
(19·5)

39% 2517 78 
(4·8)

60% 15% 62% 29% 38% 8% 74 
(17·0)

17%

CIRCS 530 57 
(7·8)

43% 0% 53% 2% 19% 39% 88 
(14·9)

8% 11 341 54 
(8·8)

62% 0% 35% 1% 13% 26% 89 
(15·0)

3%

COBRA* 614 53 
(10·3)

57% 0% 58% 14% 43% 36% 102 
(20·7)

21% 2258 51 
(10·8)

51% 0% 40% 7% 33% 40% 103 
(16·4)

6%

ESTHER 1850 64 
(6·4)

48% 0% 68% 28% 48% 16% 84 
(20·7)

23% 7790 62 
(6·6)

57% 0% 57% 15% 45% 16% 84 
(20·2)

9%

Framingham* 281 63 
(8·7)

42% 0% 69% 17% 17% 13% 85 
(21·6)

33% 2675 58 
(9·7)

54% 0% 37% 5% 23% 15% 89 
(18·0)

10%

Gubbio* 89 56 
(5·7)

44% 0% 58% 11% 52% 35% 87 
(11·1)

6% 1592 54 
(5·8)

56% 0% 38% 4% 48% 31% 84 
(11·6)

4%

HUNT* 1703 66 
(13·3)

51% 0% 81% 28% N/A 19% 82 
(19·5)

25% 7913 61 
(14·9)

56% 0% 83% 21% N/A 22% 86 
(19·7)

10%

IPHS 5164 62 
(8·8)

50% 0% 66% 9% 24% 27% 82 
(14·4)

7% 90 201 59 
(10·3)

67% 0% 49% 5% 18% 20% 86 
(13·9)

2%

MESA* 846 65 
(9·4)

47% 39% 67% 0% 37% 13% 84 
(19·9)

28% 5887 62 
(10·3)

54% 26% 42% 0% 27% 13% 82 
(15·8)

7%

(Continues on next page)
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Individuals with diabetes Individuals without diabetes

N Age Women Black HTN History 
of CVD

HC Smoking eGFR Albu-
min-
uria‡

N Age Women Black HTN History 
of CVD

HC Smoking eGFR Albu-
min-
uria‡

(Continued from previous page)

MRC 957 81 
(4·5)

52% 0% 79% 26% N/A 10% 57 
(15·8)

11% 11 414 81 
(4·6)

62% 0% 76% 17% N/A 12% 57 
(14·5)

7%

NHANES III* 1810 61 
(15·1)

53% 30% 60% 27% N/A 19% 86 
(25·5)

34% 13 753 45 
(19·2)

53% 27% 25% 8% N/A 26% 102 
(23·9)

9%

Ohasama 150 65 
(7·5)

67% 0% 47% 5% 26% 13% 82 
(11·8)

6% 1323 63 
(9·5)

66% 0% 41% 2% 17% 14% 83 
(13·2)

7%

PREVEND* 311 61 
(9·3)

42% 2% 73% 16% 61% 31% 83 
(16·4)

36% 8063 49 
(12·6)

50% 1% 32% 5% 39% 34% 89 
(15·6)

10%

RanchoBernardo* 178 74 
(10·2)

51% 0% 77% 17% 40% 3% 69 
(18·8)

25% 1296 70 
(12·1)

61% 0% 52% 9% 27% 8% 74 
(16·7)

13%

REGARDS* 5671 66 
(8·7)

52% 56% 79% 46% N/A 14% 83 
(24·4)

30% 21 498 65 
(9·5)

55% 36% 54% 29% N/A 14% 86 
(18·6)

11%

Severance 4517 54 
(10·0)

38% 0% 47% 1% 60% 31% 86 
(15·0)

17% 71 684 45 
(11·7)

50% 0% 24% 2% 36% 29% 90 
(14·8)

4%

Taiwan 25 515 56 
(11·5)

47% 0% 49% 12% 31% 25% 81 
(18·7)

12% 488 333 41 
(13·7)

50% 0% 15% 4% 12% 24% 93 
(17·4)

1%

ULSAM* 207 71 
(0·8)

0% 0% 85% 42% 57% 16% 77 
(11·0)

29% 896 71 
(0·6)

0% 0% 72% 35% 58% 21% 75 
(10·7)

13%

High-risk cohorts

ADVANCE* 10 595 66 
(6·4)

42% 0% 83% 25% 57% 15% 78 
(17·2)

31% N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A

CARE 580 61 
(8·3)

19% 7% 91% 100% 74% 11% 74 
(17·0)

25% 3518 58 
(9·4)

13% 3% 84% 100% 80% 17% 76 
(15·8)

12%

KEEP 23 053 59 
(13·4)

66% 30% 79% 21% N/A 10% 81 
(23·6)

20% 54 847 52 
(15·7)

69% 32% 60% 10% N/A 12% 88 
(22·6)

9%

KP Hawaii† 19 183 59 
(13·9)

48% 0% N/A 20% N/A 14% 80 
(23·8)

39% 20 701 59 
(15·1)

52% 0% N/A 14% N/A 13% 78 
(22·5)

28%

MRFIT 597 48 
(5·8)

0% 9% 73% 0% 58% 54% 87 
(14·2)

6% 12 257 46 
(6·0)

0% 7% 66% 0% 50% 59% 87 
(13·1)

4%

Pima* 1361 44 
(14·3)

57% 0% 40% 0% 12% 24% 110 
(24·6)

48% 3705 28 
(11·4)

56% 0% 9% 0% 4% 29% 124 
(14·3)

10%

ZODIAC* 1095 68 
(11·4)

57% 0% 87% 35% 57% 19% 71 
(17·8)

39% 0 N/A N/A N/A N/A N/A N/A N/A N/A N/A

Chronic kidney disease cohorts

AASK† N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 1094 55 
(10·7)

39% 100% 100% 52% 44% 29% 46 
(14·6)

62%

BC CKD 6659 68 
(11·5)

42% 0% 93% 44% 18% 7% 36 
(17·8)

79% 10 767 69 
(15·2)

47% 0% 73% 21% 17% 5% 37 
(19·9)

73%

CRIB* 53 64 
(13·3)

38% 17% 94% 62% 60% 11% 20 
(11·4)

89% 255 61 
(14·4)

33% 4% 95% 42% 57% 14% 23 
(11·1)

86%

Geisinger ACR* 3227 70 
(9·8)

53% 2% 89% 33% 66% 10% 51 
(8·3)

44% 134 70 
(11·2)

57% 2% 75% 19% 53% 11% 49 
(11·0)

38%

Geisinger Dip 1231 71 
(11·2)

58% 1% 81% 43% 50% 8% 48 
(11·3)

35% 3278 73 
(11·1)

63% 1% 74% 26% 42% 7% 50 
(10·2)

21%

GLOMMS-1 ACR* 499 73 
(10·4)

51% 0% 66% 44% N/A 11% 33 
(7·6)

51% 38 76 
(9·1)

47% 0% 42% 24% N/A 16% 31 
(8·2)

42%

GLOMMS-1 PCR† 105 68 
(13·5)

48% 0% 68% 50% N/A 14% 29 
(9·3)

94% 365 70 
(15·6)

48% 0% 59% 30% N/A 13% 29 
(9·6)

95%

KPNW 632 70 
(9·8)

55% 4% 94% 57% 25% 10% 46 
(11·7)

43% 995 73 
(9·6)

56% 3% 91% 37% 21% 14% 47 
(11·1)

24%

MASTERPLAN* 220 65 
(11·2)

27% 5% 98% 32% 81% 20% 34 
(13·4)

85% 416 58 
(12·6)

33% 2% 94% 20% 70% 21% 37 
(14·8)

85%

MDRD† 107 59 
(8·7)

35% 23% N/A 30% N/A 13% 40 
(20·4)

89% 1623 50 
(12·8)

40% 12% N/A 12% N/A 12% 41 
(21·1)

82%

(Continues on next page)
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Figure 1: Hazard ratios for all-cause and cardiovascular mortality in the combined general and high-risk populations according to eGFR in individuals with and 
without diabetes
(A, B) All-cause mortality. (C, D) Cardiovascular mortality. Panels A and C use one reference point (diamond, eGFR of 95 mL/min per 1·73 m² in the no diabetes group) for both 
individuals with and without diabetes to show the main eff ect of diabetes on risk. Panels B and D use separate references (diamonds) in the diabetes and no diabetes groups to 
assess interaction with diabetes specifi cally. Hazard ratios were adjusted for age, sex, race, smoking, history of cardiovascular disease, serum total cholesterol concentration, 
body-mass index, and albuminuria (log albumin-to-creatinine ratio, log protein-to-creatinine, or categorical dipstick proteinuria [negative, trace, 1+, ≥2+]). Blue and red circles 
denote p<0·05 as compared with the reference (diamond). Signifi cant interaction between diabetes and eGFR is shown by x signs. eGFR=estimated glomerular fi ltration rate.

0

1

1·5

2

4

8

Ad
ju

st
ed

 h
az

ar
d 

ra
tio

A All-cause mortality B All-cause mortality

15 30 45 60 75 90 105 120
0

1

1·5

2

4

8

Ad
ju

st
ed

 h
az

ar
d 

ra
tio

eGFR (mL/min per 1·73 m2)

C Cardiovascular mortality

15 30 45 60 75 90 105 120
eGFR (mL/min per 1·73 m2)

D Cardiovascular mortality

No diabetes, 95% CI
Diabetes, 95% CI

Individuals with diabetes Individuals without diabetes

N Age Women Black HTN History 
of CVD

HC Smoking eGFR Albu-
min-
uria‡

N Age Women Black HTN History 
of CVD

HC Smoking eGFR Albu-
min-
uria‡

(Continued from previous page)

MMKD† N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 202 47 
(12·1)

34% 0% 89% 12% 39% 21% 47 
(30·0)

95%

NephroTest* 242 65 
(11·2)

28% 8% 98% 28% 74% 12% 41 
(17·8)

75% 686 58 
(15·4)

32% 10% 91% 13% 55% 11% 43 
(22·0)

59%

RENAAL* 1513 60 
(7·4)

37% 15% 97% 29% 63% 18% 41 
(13·1)

100% N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A

STENO* 886 44 
(11·1)

43% 0% 64% 7% 85% 57% 84 
(26·2)

49% N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A

Sunnybrook* 1734 71 
(12·4)

40% 0% 90% 48% N/A 4% 37 
(15·0)

83% 1651 70 
(15·6)

48% 0% 80% 33% N/A 5% 38 
(16·1)

85%

Data are % or mean (SD) unless otherwise specifi ed. Appendix pp 19–20 show study acronyms and abbreviations. HTN=hypertension. CVD=cardiovascular disease. HC=hypercholesterolaemia. 
eGFR=estimated glomerular fi ltration rate. ACR=albumin-to-creatinine ratio. PCR=protein-to-creatinine ratio. *Studies with ACR, †Studies with PCR. ‡Proportion of participants with ACR ≥30 mg/g or 
PCR ≥50 mg/g or dipstick protein ≥1+.

Table 1: Baseline characteristics of the individual studies by the presence or absence of diabetes
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p=0·62 for cardiovascular mortality). Heterogeneity of 
the interaction across studies for all-cause mortality was 
moderate for both eGFR and ACR; for cardiovascular 
mortality it was low for eGFR and absent for ACR 
(appendix p 4). We recorded much the same results with 
a meta-regression analysis when we included cohorts 
that enrolled only individuals with diabetes or without 
diabetes (appendix p 5) or when we analysed the chronic 
kidney disease cohorts (appendix p 6).

Table 2 shows pooled HR for all-cause mortality and 
cardiovascular mortality for 32 categories of eGFR and 
albuminuria in participants with and without diabetes. 
All-cause mortality and cardiovascular mortality gen-
erally increased with lower eGFR and higher albumin-
uria categories in both the diabetes and no diabetes 
groups. Moreover, HR were much the same across these 
groups within a given category. Overall, we did not 
identify signifi cant interactions with diabetes at any 
eGFR or albuminuria categories.

In the 13 chronic kidney disease cohorts, 5960 ESRD 
events occurred during mean follow-up of 3·8 years 
(SD 3·2). When we set one reference in the no diabetes 
group, HR for incident ESRD were higher in partici-
pants with diabetes than in those without diabetes 
across the entire range of eGFR (fi gure 3A). When we 
set separate references in the diabetes and no diabetes 
groups to assess interaction with diabetes specifi cally, 
HR for low eGFR were much the same in participants 
with and without diabetes, showing no point-wise 
interaction (fi gure 3C). The overall interaction of 
diabetes across the entire range of eGFR was not 
signifi cant for ESRD (relative HR 0·79; 95% CI 
0·56–1·13; p=0·19). Variability of the interaction across 
studies was high (appendix p 7).

Conversely, when we set one reference in the no 
diabetes group, HR for incident ESRD were generally 
higher in participants with diabetes than in those with-
out diabetes for ACR values greater than 100 mg/g, but 

Figure 2: Hazard ratios for all-cause and cardiovascular mortality in the combined general and high-risk populations according to ACR in participants with 
and without diabetes
(A, B) All-cause mortality. (C, D) Cardiovascular mortality. Panels A and C use one reference point (diamond, ACR of 5 mg/g in the no diabetes group), for both 
individuals with and without hypertension to show the main eff ect of diabetes on risk. Panels B and D use separate references (diamonds) in the diabetes and no 
diabetes groups to assess interaction with diabetes specifi cally. Hazard ratios were adjusted for age, sex, race, smoking, history of cardiovascular disease, serum total 
cholesterol concentration, body-mass index, and estimated glomerular fi ltration rate. Blue and red circles denote p<0·05 as compared with the reference (diamond). 
Signifi cant interaction between diabetes and ACR is shown by x signs. ACR=albumin-to-creatinine ratio.
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were generally lower in those with diabetes for ACR 
values less than 100 mg/g (fi gure 3C). Furthermore, 
when we set separate references in the diabetes and no 
diabetes groups to assess the interaction with diabetes 
specifi cally, the risk of ESRD increased slightly more 
steeply along with ACR in the diabetes group than in the 
no diabetes group, but we did not identify a signifi cant 
point-wise interaction (fi gure 3D). The overall interaction 
of diabetes, averaged across the entire range of ACR, was 
not signifi cant for ESRD (relative HR 1·08; 0·95–1·23; 
p=0·22). Moreover, heterogeneity of the interaction 

across studies was absent (appendix p 7). We recorded 
much the same results when we included cohorts that 
enrolled only individuals with diabetes or no diabetes 
(appendix p 8). When we analysed the general population 
and high-risk cohorts for ESRD, we recorded a steeper 
risk gradient, particularly for eGFR, in the no diabetes 
group than in the diabetes group (appendix p 9).

Table 3 shows pooled HR for ESRD for 20 categories of 
eGFR and albuminuria in participants with and without 
diabetes. Overall, we identifi ed a signifi cant interaction 
in only two of the 20 categories.

Individuals with diabetes Individuals without diabetes

ACR <10, PCR <15, 
or dipstick 
negative

ACR 10–29, 
PCR 15–49, or 
dipstick trace

ACR 30–299, 
PCR 50–499, or 
dipstick 1+

ACR ≥300, 
PCR ≥500, or 
dipstick ≥2+

Overall ACR <10, PCR <15, 
or dipstick 
negative

ACR 10–29, 
PCR 15–49, or 
dipstick trace

ACR 30–299, 
PCR 50–499, or 
dipstick 1+

ACR ≥300, 
PCR ≥500, or 
dipstick ≥2+

Overall

All-cause mortality

eGFR ≥105 1·27*; 
1·07–1·51

1·58*; 
1·29–1·94

2·43*; 
1·90–3·11

4·38*; 
2·97–6·46

1·21*; 
1·06–1·39

1·27*; 
1·14–1·41

1·62*; 
1·35–1·96

2·39*; 
2·03–2·82

5·40*; 
3·33–8·76

1·20*; 
1·12–1·30

eGFR 90–104 Reference 1·41*; 
1·24–1·59

1·73*; 
1·45–2·05

2·95*; 
2·22–3·91

Reference Reference 1·47*; 
1·32–1·64

1·82*; 
1·64–2·03

3·23*; 
2·39–4·37

Reference

eGFR 75–89 0·94; 
0·87–1·01

1·33*; 
1·16–1·54

1·59*; 
1·35–1·87

2·42*; 
1·89–3·11

0·95; 
0·90–1·01

0·94; 
0·89–1·00

1·30*; 
1·18–1·44

1·60*; 
1·40–1·84

2·57*; 
1·98–3·34

0·94*; 
0·90–0·98

eGFR 60–74 0·99; 
0·92–1·07

1·32*†; 
1·16–1·49

1·86*; 
1·60–2·16

2·98*; 
2·36–3·76

1·04; 
0·97–1·12

1·01; 
0·95–1·09

1·38*†; 
1·20–1·59

1·86*; 
1·64–2·12

2·41*; 
1·88–3·10

1·01; 
0·95–1·07

eGFR 45-59 1·15*; 
1·01–1·30

1·82*; 
1·60–2·07

1·97*; 
1·65–2·35

3·23*; 
2·51–4·15

1·18*†; 
1·07–1·30

1·22*; 
1·09–1·35

1·70*; 
1·49–1·93

2·10*; 
1·75–2·53

3·15*; 
2·44–4·06

1·19*†; 
1·10–1·29

eGFR 30–44 1·81*; 
1·35–2·44

2·25*; 
1·87–2·70

3·13*; 
2·57–3·80

4·61*; 
3·64–5·84

1·65*; 
1·48–1·83

1·71*; 
1·44–2·02

2·54*; 
2·26–2·86

2·89*; 
2·31–3·61

4·00*; 
2·92–5·48

1·53*; 
1·36–1·73

eGFR 15–29 2·69*; 
1·78–4·06

3·30*; 
2·43–4·46

4·96*; 
3·19–7·72

6·80*; 
4·76–9·70

2·28*; 
1·91–2·72

3·16*;
2·25–4·45

4·01*; 
2·86–5·62

3·90*; 
2·93–5·20

6·69*; 
4·94–9·08

2·27*; 
1·86–2·77

eGFR<15 12·0*; 
3·02–47·6

5·88*; 
2·43–14·2

9·55*; 
4·53–20·1

14·5*; 
8·84–23·8

4·46*; 
3·26–6·10

6·55*; 
3·53–12·1

8·56*; 
5·72–12·8

6·91*; 
4·67–10·2

12·0*; 
8·84–16·4

4·06*; 
3·33–4·95

Overall Reference 1·35*; 
1·27–1·44

1·73*; 
1·61–1·86

2·67*; 
2·31–3·08

·· Reference 1·31*; 
1·23–1·41

1·67*; 
1·54–1·82

2·38*; 
2·07–2·75

··

Cardiovascular mortality

eGFR ≥105 1·19; 
0·76–1·89

1·93*; 
1·12–3·33

3·00*; 
1·49–6·03

5·07*; 
1·86–13·8

1·16; 
0·84–1·62

1·22; 
0·98–1·52

1·82*; 
1·14–2·91

4·00*; 
2·82–5·69

7·04*; 
2·83–17·5

1·19; 
0·98–1·44

eGFR 90–104 Reference 1·28; 
0·95–1·74

1·74*; 
1·28–2·36

3·03*; 
1·90–4·84

Reference Reference 1·62*; 
1·31–2·01

1·79*; 
1·43–2·24

3·39*; 
2·12–5·40

Reference

eGFR 75–89 1·04; 
0·88–1·21

1·70*; 
1·29–2·23

1·79*; 
1·41–2·28

2·69*; 
1·91–3·78

1·10; 
0·97–1·23

1·01; 
0·91–1·12

1·46*; 
1·21–1·77

1·80*; 
1·51–2·15

2·53*; 
2·03–3·16

1·00; 
0·95–1·06

eGFR 60–74 1·25*; 
1·06–1·47

1·56*; 
1·21–2·00

2·53*; 
2·00–3·20

3·21*; 
2·42–4·27

1·27*; 
1·12–1·44

1·14; 
1·00–1·29

1·49*; 
1·17–1·88

2·17*; 
1·88–2·50

2·38*; 
1·78–3·17

1·13*; 
1·02–1·24

eGFR 45–59 1·33*; 
1·05–1·68

1·75*; 
1·31–2·35

2·27*; 
1·70–3·01

3·24*; 
2·41–4·35

1·32*†; 
1·14–1·53

1·52*; 
1·30–1·77

2·19*; 
1·86–2·56

2·57*; 
1·93–3·43

3·74*; 
2·73–5·12

1·48*†; 
1·31–1·68

eGFR 30–44 2·12*; 
1·55–2·89

2·49*; 
1·62–3·85

3·62*; 
2·50–5·24

5·57*; 
4·08–7·59

2·08*; 
1·73–2·50

2·51*; 
2·05–3·08

2·99*; 
2·07–4·33

3·52*; 
2·76–4·48

5·21*; 
3·28–8·28

2·10*; 
1·83–2·40

eGFR 15–29 4·10*; 
1·75–9·61

3·39*; 
1·56–7·34

5·64*; 
2·64–12·1

7·96*; 
4·89–13·0

2·57*; 
1·94–3·40

5·44*; 
3·11–9·51

7·12*; 
3·12–16·2

3·35*; 
2·34–4·79

8·91*; 
4·31–18·4

2·70*; 
2·06–3·54

eGFR <15 19·9*; 
1·79–220

NA NA 21·6*; 
4·65–99·9

6·38*; 
1·87–21·8

9·63*; 
2·29–40·5

15·3*; 
7·56–31·0

8·46*; 
5·04–14·2

11·9*; 
7·62–18·4

5·25*; 
3·14–8·80

Overall Reference 1·43*; 
1·25–1·64

1·81*; 
1·62–2·01

2·44*; 
1·99–2·98

·· Reference 1·38*; 
1·26–1·52

1·72*; 
1·51–1·96

2·33*; 
1·92–2·83

··

Data are hazard ratio; 95% CI. eGFR is mL/min per 1·73 m². ACR and PCR are mg/g. Reference categories were eGFR 90–104 mL/min per 1·73 m² and ACR <10 mg/g, PCR <15 mg/g, or a negative dipstick test for 
albuminuria. eGFR=estimated glomerular fi ltration rate. ACR=albumin-to-creatinine ratio. PCR=protein-to-creatinine ratio. NA=not applicable because no data. *p<0·05 relative to the reference category. 
†p<0·05 for interaction with diabetic status for the corresponding category.

Table 2: Hazard ratios for all-cause and cardiovascular mortality in the combined general and high-risk populations according to eGFR and albuminuria clinical categories in individuals 
with and without diabetes
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Individuals with diabetes Individuals without diabetes

ACR <30, PCR <50, 
or dipstick 
negative or trace

ACR 30–299, 
PCR 50–499, 
or dipstick 1+

ACR 300–999, 
PCR 500–1499, 
or dipstick 2+

ACR ≥1000, 
PCR ≥1500, or 
dipstick ≥3+

Overall ACR <30, PCR <50, 
or dipstick 
negative or trace

ACR 30–299, 
PCR 50–499, 
or dipstick 1+

ACR 300–999, 
PCR 500–1499, 
or dipstick 2+

ACR ≥1000, 
PCR ≥1500, or 
dipstick ≥3+

Overall

eGFR ≥75 1·47;
0·63–3·41

2·47*†; 
1·29–4·73

3·43*†; 
1·58–7·47

4·42*; 
2·20–8·86

0·81†; 
0·21–3·17

0·54; 
0·07–4·05

0·68†; 
0·38–1·20

0·74†; 
0·33–1·63

1·59; 
0·54–4·68

0·46*†; 
0·28–0·75

eGFR 45–74 Reference 1·76*; 
1·05–2·95

2·84*; 
1·11–7·27

8·01*; 
3·62–17·7

Reference Reference 1·69*; 
1·23–2·32

2·85*; 
1·22–6·66

3·93*; 
2·78–5·55

Reference

eGFR 30–44 2·11*†;
1·26–3·51

3·35*; 
2·07–5·41

5·71*; 
3·57–9·13

8·56*; 
5·27–13·9

1·86*; 
1·58–2·19

1·42†; 
0·85–2·37

3·01*; 
2·23–4·06

4·20*; 
3·04–5·81

6·76*; 
4·90–9·31

1·87*; 
1·48–2·38

eGFR 15–29 2·98*;
1·68–5·28

8·25*; 
5·19–13·1

23·7*; 
8·09–69·3

33·7*; 
13·8–82·4

5·23*; 
3·81–7·17

6·15*; 
3·17–12·0

7·94*; 
5·93–10·6

11·9*; 
7·17–19·8

28·9*; 
10·5–79·6

7·64*; 
4·99–11·7

eGFR <15 1·74;
0·23–13·1

34·7*; 
4·21–285

122*; 
4·64–3229

35·7*; 
21·5–59·4

9·46*; 
5·52–16·2

3·97*; 
1·58–10·0

16·0*; 
11·5–22·4

22·7*; 
16·1–32·0

31·8*; 
18·9–53·4

18·3*; 
10·9–30·6

Overall Reference 1·60; 
0·85–3·02

3·55*; 
2·89–4·36

6·79*; 
4·36–10·6

·· Reference 1·86*; 
1·32–2·62

2·70*; 
1·78–4·08

5·56*; 
3·44–9·00

··

Data are hazard ratio; 95% CI. eGFR is mL/min per 1·73 m². ACR and PCR are mg/g. Reference categories were eGFR 45–74 mL/min per 1·73 m² and ACR <30 mg/g, PCR <50 mg/g, or a dipstick test for albuminuria 
≤trace.*p<0·05 relative to the reference category. †p<0·05 for interaction with hypertensive status for the corresponding category. 

Table 3: Hazard ratios for end-stage renal disease in chronic kidney disease populations according to eGFR and albuminuria clinical categories by the presence or absence of diabetes

Figure 3: Hazard ratios for end-stage renal disease in the chronic kidney disease populations according to eGFR and ACR in participants with and without diabetes
(A, B) eGFR. (C, D) ACR. Panels A and C use eGFR of 50 mL/min per 1·73 m² (A) and ACR of 20 mg/g (C) in individuals without diabetes as the reference point (diamond) 
for both individuals with and without diabetes. Panels B and D use eGFR of 50 mL/min per 1·73 m² (B) and ACR of 20 mg/g (D) as the reference points (diamond) in 
diabetic and non-diabetic groups. Blue and red circles denote p<0·05 as compared with the reference (diamond). Hazard ratios were adjusted for age, sex, race, smoking, 
history of cardiovascular disease, serum total cholesterol concentration, body-mass index, and albuminuria (log albumin-to-creatinine ratio, log protein-to-creatinine, or 
categorical dipstick proteinuria [negative/ trace, 1+, 2+, ≥3+]) or eGFR. eGFR=estimated glomerular fi ltration rate. ACR=albumin-to-creatinine ratio.
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When stratifi ed by hypertension, we identifi ed sig-
nifi cant interactions with eGFR, but not ACR, in 
individuals without hypertension for all-cause mortality 
(average relative HR for 15 mL/min per 1·73 m² lower 
eGFR between diabetes and no diabetes 0·94; 95% CI 
0·91–0·97; overall p for interaction=0·0003) and car-
diovascular mortality (0·92; 0·86–0·99, overall p for 
interaction=0·038), showing that lower eGFR was more 
strongly associated with these outcomes in individuals 
without diabetes or hypertension. Figure 4 shows results 
for eGFR and all-cause mortality (appendix pp 10–14 show 
other outcomes and ACR results). When we tested the 
three-way interactions of dia betes*hyper tension*kidney 
measures (eGFR or ACR), we did not identify signifi cant 
interactions except for eGFR and all-cause mortality (p for 
three-way inter action=0·025). Analyses stratifi ed by age 
(≥65 years vs <65 years) or sex showed much the same 
results across strata, with higher incidence rates for the 
three health outcomes in those with diabetes, but with no 
signifi cant point-wise or overall interactions for each of 

the health outcomes within strata of age or sex (appendix 
pp 15–18). One exception was a higher HR of mortality for 
ACR recorded in individuals without diabetes than in 
those with diabetes in participants aged 65 years or older 
(overall relative HR for 10-fold higher ACR among 
individuals with diabetes vs those without diabetes was 
0·90; 95% CI 0·86–0·96; p=0·0004, appendix p 16).

Discussion
Individuals with diabetes have a higher risk of all-cause 
and cardiovascular mortality than do those without 
diabetes across the range of eGFR and ACR. However, 
relative risks of these health outcomes according to 
measures of kidney disease are much the same 
in individuals with and without diabetes. The use of 
clinically relevant cutoff  points showed the importance of 
both eGFR and ACR with respect to each of these 
outcomes. When we did similar analyses for ESRD in 
chronic kidney disease cohorts, results were essentially 
the same. We did identify a slight eGFR-diabetes 

Figure 4: Hazard ratios for all-cause mortality according to eGFR in participants with and without diabetes in individuals with and without hypertension 
from the general population and high-risk cohorts
(A, B) Individuals with hypertension. (C, D) Individuals without hypertension. Blue and red circles denote p<0·05 as compared with the reference (diamond). 
Signifi cant interaction between diabetes and eGFR is shown by x signs. Hazard ratios were adjusted for age, sex, race, smoking, history of cardiovascular disease, 
serum total cholesterol concentration, body-mass index, and albuminuria (log albumin-to-creatinine ratio, log protein-to-creatinine, or categorical dipstick 
proteinuria [negative, trace, 1+, ≥2+]) 
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interaction with all-cause mortality in individuals with out 
hypertension, suggesting that those with lower kidney 
function had a slightly higher relative risk of mortality in 
the absence of diabetes or hypertension. Taken together, 
these fi ndings show the value of eGFR and albuminuria 
as predictors of these health outcomes and emphasise 
their importance as predictors in the presence or absence 
of diabetes. The accompanying article shows the relevance 
of these measures of chronic kidney disease in the 
presence or absence of hypertension.17

In the general population, eGFR and ACR are 
important correlates of all-cause and cardiovascular 
mortality outcomes and kidney outcomes.9,11,22–24 These 
fi ndings were subsequently extended to individuals in a 
large, provincial registry13,25 and to individuals with 
kidney disease.12 In all of these studies, individuals with 
and without diabetes were assessed together.

Kidney disease is a well recognised and important 
complication of diabetes and diabetic kidney disease is 
one of the most common causes of chronic kidney disease, 
with nearly 25% of patients with chronic kidney disease 
aff ected by diabetes. Moreover, diabetic kidney disease has 
increased from 2·2% to 3·3% of the US population from 
1998 to 2008, probably because of a concomitant increase 
in diabetes.26 In individuals with diabetes, both eGFR and 
albuminuria are important predictors of cardiovascular 
and kidney outcomes.27 Results of a study of 2420 Pima 
Indians with diabetes showed the added value of incor-
poration of albuminuria into prediction models of ESRD 
and death that included baseline eGFR; this is one of the 
few previous studies to jointly assess eGFR and ACR in a 
population with diabetes (panel).28

Associations between eGFR, albuminuria, and out-
comes in the absence of diabetes are less well explored, 
despite the fact that non-diabetic kidney disease is nearly 

three-quarters of all chronic kidney disease.15 Although 
non-diabetic kidney disease can be classifi ed as 
glomerular, vascular, tubulointerstitial, and cystic 
diseases, our diverse population probably also includes 
individuals with chronic kidney disease in association 
with hypertension, obesity, or smoking, in whom the 
disease is not well characterised.29 Data for progression 
and consequences of non-diabetic kidney disease are 
sparse, but were examined in 1666 patients without 
diabetes from the Modifi cation of Diet in Renal Disease 
study with predominantly stage 2–4 chronic kidney 
disease; kidney failure was recorded frequently with 
long-term follow-up.30 Importantly, the competing risk of 
cardiovascular outcomes seemed to be lower than in 
studies that included individuals with diabetic kidney 
disease. In a sample of 2692 patients with chronic kidney 
disease from Japan, those with hypertensive and other 
nephropathies showed an increased risk of cardiovas-
cular events and death compared with individuals with 
primary kidney disease.31 In 1094 patients with hyper-
tensive nephropathy from the African American Study of 
Kidney Disease and Hypertension, baseline urinary PCR, 
but not baseline eGFR, was associated with cardiovascular 
outcomes.32 Thus, our study adds to existing work by 
explicitly showing the importance of abnormalities in 
eGFR and ACR even in the absence of diabetes. 
Importantly, the relations between eGFR and ACR 
clinical cutoff  points and adverse outcomes were 
preserved when assessing individuals with and without 
diabetes separately.

Our fi ndings suggest that several major health 
outcomes, including ESRD and death, are increased in 
individuals with chronic kidney disease, irrespective of 
the cause of their impaired kidney function. Although the 
absolute risks of ESRD, all-cause mortality, and cardio-
vascular mortality are higher in patients with chronic 
kidney disease and diabetes than in those without 
diabetes throughout the ranges of eGFR and ACR, the 
relative risks of these outcomes are much the same, and 
similar clinical thresholds for diagnosis and classifi cation 
of chronic kidney disease can be used in individuals with 
and without diabetes. These fi ndings show the importance 
of identifi cation of abnormalities in kidney measures in 
patients even in the absence of diabetes.

Our data suggest that cardiovascular and all-cause 
mortality outcomes are an important source of mortality 
in patients, irrespective of whether or not they have 
diabetes, underscoring the importance of identifying and 
treating risk factors for cardiovascular disease in all 
patients with chronic kidney disease. Glycaemic control 
is an important component in the management of 
patients with diabetic kidney disease,33 although the 
HbA1c goal can be tailored based on individual patient 
needs. Control of hypertension and dyslipidaemia are 
crucial management issues in diabetic kidney disease, 
but are also important in those without diabetes. 
Additionally, vigilant monitoring of risk factors in 

Panel: Research in context

Systematic review
Sources of data for the Chronic Kidney Disease Prognosis 
Consortium are provided elsewhere. 9–12,16 We searched 
PubMed with the terms “diabetes”, “non-diabetes”, “chronic 
kidney disease”, “mortality”, end-stage renal disease”, and 
“cardiovascular disease” and identifi ed only a few studies 
focused on outcomes related to chronic kidney disease in 
individuals with diabetes26–28 and only three studies focused 
on chronic kidney disease in those without diabetes,30–32 
even though individuals without diabetes make up nearly 
three-quarters of those with chronic kidney disease. 
However, the strength of the association in individuals with 
diabetes as compared with those without diabetes had not 
yet been assessed.

Interpretation
Our fi ndings emphasise the importance of kidney disease as a 
predictor of clinical outcomes, even in the absence of diabetes.
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patients with chronic kidney disease who do not have 
diabetes is an important implication of our work, because 
of the fi nding of increased cardiovascular mortality risk 
in individuals with chronic kidney disease who did not 
have either diabetes or hypertension.

Strengths of our study include a sample size of more 
than a million participants derived from 40 countries. 
We did a study-level meta-analysis with a harmonised 
analysis plan. Additionally, we used a new eGFR 
equation that improves risk prediction.16 In view of the 
breadth and depth of our study sample, our fi ndings 
can be generalised to a wide range of clinical settings. 
Nevertheless, some limitations warrant mention. Black 
participants in our study were from the USA; Africa 
remains unrepresented. We did not use a centralised 
laboratory and assays, because this approach is not 
feasible for a study of this scope and magnitude. Serum 
creatinine was not standardised in all studies; however, 
we recorded much the same results when we limited 
our analysis to studies with serum creatinine 
measurements standardised to isotope dilution mass 
spectrometry (data not shown). We relied on single, spot 
urine samples instead of 24 h urine data. However, 
single spot urine samples are more predictive of 
outcomes than are 24 h collections in people with 
diabetic kidney disease.34 We defi ned diabetes with 
standard population-based defi nitions and were not able 
to diff erentiate type 1 from type 2 diabetes, although 
worldwide most diabetes is type 2. Information about 
diet and exercise were not included, and we did not 
consider detailed information on medication use. Our 
results are drawn primarily from observational studies; 
therefore we cannot infer causality or render specifi c 
treatment recommendations.
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