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Results of the main Action to Control Cardiovascular Risk in
Diabetes (ACCORD) trial indicate that intensive glucose
lowering increases cardiovascular and all-cause mortality. As
the contribution of mild-to-moderate chronic kidney disease
(CKD) to these risks is not known, we assessed the impact on
cardiovascular outcomes in this population. Renal function
data were available on 10,136 patients of the original
ACCORD cohort. Of those, 6,506 were free of CKD at baseline
and 3,636 met the criteria for CKD. Participants were
randomly assigned to a treatment strategy of either intensive
or standard glycemic goal. The primary outcome, all-cause
and cardiovascular mortality, and prespecified secondary
outcomes were evaluated. Risk for the primary outcome was
87% higher in patients with than in those without CKD
(hazard ratio of 1.866; 95% Cl: 1.651-2.110). All prespecified
secondary outcomes were 1.5 to 3 times more frequent in
patients with than in those without CKD. In patients with
CKD, compared with standard therapy, intensive glucose
lowering was significantly associated with both 31% higher
all-cause mortality (1.306: 1.065-1.600) and 41% higher
cardiovascular mortality (1.412: 1.052-1.892). No significant
effects were found in patients without CKD. Thus, in high-risk
patients with type Il diabetes, mild and moderate CKD is
associated with increased cardiovascular risk. Intensive
glycemic control significantly increases the risk of
cardiovascular and all-cause mortality in this population.
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Chronic kidney disease (CKD) is a highly prevalent microvas-
cular complication of diabetes mellitus, and approximately
40% of patients with diabetes develop CKD.! Type 2 diabetes
is the leading cause of end-stage renal disease in developed
countries. The incidence of CKD is estimated at 13.1% in the
general adult population, and more than 26 million adults in
the US are affected by CKD.? Of note, the vast majority of
CKD patients have mild-to-moderate CKD (Stage IHII),
whereas Stage IV and V CKD is rare (0.35% and 0.11%,
respectively).?

A large community-based study of more than one
million individuals showed a graded increase in cardiovas-
cular events with decreasing glomerular filtration rate levels,
establishing CKD as a strong cardiovascular risk factor.?
However, the risk was less clear for mild and moderate CKD?
and was even questioned for older subjects.* Albuminuria is also
a strong predictor of mortality and cardiovascular events
independently of the glomerular filtration rate.>” Data in
diabetic patients with CKD are limited and do not permit for
definite conclusions.®1?

Data from the main Action to Control Cardiovascular Risk
in Diabetes (ACCORD) study have previously shown that
intensive glycemic control is associated with higher cardiovas-
cular and all-cause mortality rates compared with standard
therapy.!®> Other large trials'*!> found no reduction in
cardiovascular events with intensive therapy, raising concerns
about the wisdom of intensive glucose lowering. As of today,
however, no specific explanation has been proposed.'®

Given the close association of CKD with cardiovascular
and all-cause mortality and the possibility that CKD may
predispose to less efficient clearance of hypoglycemic and
other agents, we hypothesized that the presence of mild-to-
moderate CKD at baseline might increase cardiovascular
events, particularly in the intensively treated group.

In this study therefore we evaluated the effects of mild and
moderate CKD (Stage IHII) on cardiovascular morbidity and
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mortality and the impact of intensive glycemic control on
cardiovascular outcomes in a population of high-risk diabetic
patients with or without CKD.

RESULTS

Renal function data were available for 10,142 of the 10,251
participants in the ACCORD study. CKD was present in
about one-third of them (3,636 patients, 35.9%), whereas
6,506 patients (64.1%) were free from CKD. Of patients with
CKD, 1,449 (14.3%) were classified as Stage 1 CKD, 1,366
(13.5%) as Stage 2 CKD, and 821 (8%) as Stage 3 CKD. Key
baseline characteristics of the whole study population and
according to the presence or not of CKD are depicted in
Table 1.

When compared with patients free of CKD, patients with
CKD were older, had higher body mass index, fasting glucose,
HbA1c, and systolic blood pressure, as well as higher rates for
history of cardiovascular disease, chronic heart failure, and
duration of diabetes. In addition, CKD patients used insulin
and most anti-hypertensive agents more frequently and oral
hypoglycemic agents less frequently compared with patients
without CKD. Moreover, patients with CKD had higher
triglyceride and lower high-density lipoprotein levels com-
pared with non-CKD patients.

The key baseline characteristics by CKD status at baseline
and by glycemia arm are presented in Table 2. Many of the
differences between CKD and non-CKD patients mentioned
above were also maintained in each of the glycemia arms.
However, there were no significant differences between
intensive and standard therapy either for CKD or for non-
CKD patients.

Glycated hemoglobin levels fell significantly in the first
4 months into the study, to 6.7% in the intensive glycemic
therapy and to 7.5% in the standard arm; however, no
significant differences in glycated hemoglobin levels were
observed between CKD and non-CKD patients (Figure 1).

The rates of primary and secondary outcomes in patients
with and without CKD are shown in Figure 2. When com-
pared with non-CKD, patients with CKD were about twice as
likely to have a cardiovascular event or die. Compared with
non-CKD, the presence of CKD was associated with a 97%
(hazard ratio: 1.973; 95% confidence interval (CI): 1.701—
2.288; P<0.0001) higher risk for all-cause mortality and
119% (hazard ratio: 2.189; 95% CI: 1.758-2.726; P<0.0001)
higher risk for cardiovascular mortality (Figure 2). The risk
of having the primary composite outcome (nonfatal myo-
cardial infarction, nonfatal stroke, and cardiovascular death)
was 87% (hazard ratio: 1.866; 95% CI: 1.651-2.110; P<0.0001)
higher in CKD compared with non-CKD patients. Further-
more, patients with CKD had significantly higher risks
for nonfatal myocardial infarction (62%), nonfatal stroke
(149%), any stroke (141%), major coronary artery disease
events (56%), and fatal or nonfatal congestive heart failure
(219%).

Increased rates of primary and secondary outcomes were
evident even when CKD Stages I and II were compared
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separately with non-CKD (Figure 3a). Likewise, CKD Stage
III, even with small numbers, was associated with worse
outcomes compared with non-CKD (Figure 3b). Further-
more, when albuminuria alone (Figure 3c) was considered,
the association with the primary and secondary outcomes
remained highly significant.

The rates of primary and secondary outcomes in patients
with CKD according to intensive or standard therapy in the
glycemia arm of the study are shown in Figure 4a, whereas
the corresponding rates for patients without CKD are shown
in Figure 4b.

Compared with standard glycemia therapy, intensive glucose
lowering in CKD patients was associated with a 31% higher
risk for all-cause mortality (hazard ratio: 1.306; 95% CIL:
1.065-1.600; P=0.01) and a 41% higher risk for cardiovas-
cular mortality (hazard ratio: 1.412; 95% CI: 1.052-1.892;
P=0.02) (Figure 4a). This association remained statistically
significant and practically unchanged even after adjustments
for all key baseline characteristics (age, sex, body mass index,
glycated hemoglobin, systolic blood pressure, smoking status,
history of cardiovascular disease and heart failure, and use of
insulin and anti-hypertensive medications). The use of met-
formin or thiazolidinediones at baseline was not associated
with increased all-cause mortality (P=0.42 and P=0.98,
respectively). In contrast, there were no significant differences
in all-cause and cardiovascular mortality risks between
intensive and standard glycemia therapy in patients without
CKD (Figure 4b). The test for interaction between CKD
status and glycemia arm was not statistically significant. In
CKD patients, the risk for nonfatal myocardial infarction was
significantly lower (26%) with intensive therapy compared
with standard glucose lowering (hazard ratio: 0.740; 95% CI:
0.590-0.930; P=0.0093). A similar trend was observed for
the primary and remaining secondary outcomes, with lower
risk in the intensive glycemic arm; however, this was not
statistically significant (Figure 4a).

The cumulative incidence curves for cardiovascular and
all-cause mortality are depicted in Figure 5. There were no
significant differences between the two treatment groups in
patients without CKD, whereas intensive therapy was asso-
ciated with worse outcomes compared with standard therapy
in patients with CKD. Of major clinical importance, the
curves for both outcomes (cardiovascular and all-cause
mortality) in patients with CKD separated very early, within
6 months after randomization to intensive or standard
therapy and continued to widen with time, whereas the same
curves in the non-CKD group remained virtually super-
imposed.

The rates of hypoglycemic events requiring assistance are
shown in Table 3. Patients with CKD had significantly higher
rates of hypoglycemia compared with patients without CKD.
Likewise, the annualized rates of hypoglycemic episodes
requiring assistance were significantly more common with
intensive therapy compared with standard therapy, both in
patients with CKD (5.3% vs. 2.0%) and in patients
without CKD (3.5% vs. 1.1%). The same association was
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Table 1|Baseline characteristics of the entire cohort and by baseline CKD status

Baseline CKD status
No CKD (N = 6506) With CKD (N = 3636) P-value

Overall (N=10,142)

Age (years)

622168

61.716.5

633+7.2

<0.0001

Sex (female) 3904 (38.5%) 2577 (39.6%) 1327 (36.5%) 0.0020
Race/ethnicity 03775

African American 1925 (19.0%) 1209 (18.6%) 716 (19.7%)

White 6341 (62.5%) 4100 (63.0%) 2241 (61.6%)

Hispanic 716 (7.1%) 448 (6.9%) 268 (7.4%)

Other 1160 (11.4%) 749 (11.5%) 411 (11.3%)
Weight (kg) 93.6+18.7 93.2+184 94.2+19.1 0.0161
Waist (cm) 106.8+£13.9 106.1£13.6 10791142 <0.0001
BMI (kg/m?) 322+55 321+54 325+56 0.0025
Smoking status 0.0003

Never 4231 (41.8%) 2795 (43.0%) 1436 (39.6%)

Former 4486 (44.3%) 2854 (43.9%) 1632 (45.0%)

Current 1412 (13.9%) 851 (13.1%) 561 (15.5%)
Serum creatinine mgz/dl) 09%0.2 09102 1.0£0.3 <0.0001
eGFR (ml/min/1.73m <0.0001

0-59 821 (8.1%) 0 (0.0%) 821 (22.6%)

60-89 4375 (43.1%) 3009 (46.2%) 1366 (37.6%)

90 + 4946 (48.8%) 3497 (53.8%) 1449 (39.9%)
UACR (mg/g) <0.0001

<30 6970 (68.8%) 6506 (100%) 464 (12.8%)

30-300 2492 (24.6%) 0 (0.0%) 2492 (68.8%)

>300 668 (6.6%) 0 (0.0%) 668 (18.4%)
CKD <0.0001

No CKD 6506 (64.1%) 6506 (100%) 0 (0.0%)

CKD Stage 1 1449 (14.3%) 0 (0.0%) 1449 (39.9%)

CKD Stage 2 1366 (13.5%) 0 (0.0%) 1366 (37.6%)

CKD Stage 3 821 (8.1%) 0 (0.0%) 821 (22.6%)
Serum glucose (mg/dl) 1753 +56.2 17231524 180.5+62.1 <0.0001
HbA1c (%) 83+1.1 82+1.0 84+1.1 <0.0001
Duration of DM-years 109178 10074 124+£82 <0.0001
Systolic BP 1364%17.1 133.8+£16.0 141.0£18.1 <0.0001
Diastolic BP 7491107 7481104 75.0+11.2 0.2592
Heart rate 726+11.7 725+11.4 7281123 0.2245
History of CVD 3570 (35.2%) 2067 (31.8%) 1503 (41.3%) <0.0001
History of CHF 488 (4.9%) 44 (3.8%) 44 (6.8%) <0.0001
Insulin 3545 (35.0%) 2005 (30.8%) 1540 (42.4%) <0.0001
Merformin 6070 (59.9%) 3982 (61.2%) 2088 (57.4%) 0.0002
Any sulfonylurea 5087 (50.2%) 3330 (51.2%) 1757 (48.3%) 0.0057
Any anti-hypertensive agent 8674 (85.5%) 5373 (82.6%) 3301 (90.8%) <0.0001
ACE-inhibitors 5377 (53.0%) 3298 (50.7%) 2079 (57.2%) <0.0001
ARBs 1624 (16.0%) 985 (15.1%) 639 (17.6%) 0.0013
Any thiazide diuretic 1961 (19.3%) 1261 (19.4%) 700 (19.3%) 0.8735
Beta blockers 2978 (29.4%) 1718 (26.4%) 1260 (34.7%) <0.0001
Dihydropyridine CCBs 1179 (11.6%) 629 (9.7%) 550 (15.1%) <0.0001
Non-dihydropyridine CCBs 730 (7.2%) 381 (5.9%) 349 (9.6%) <0.0001
Aspirin 5530 (54.5%) 3516 (54.0%) 2014 (55.4%) 0.1910
Statin 6300 (62.1%) 4031 (62.0%) 2269 (62.4%) 0.6573
Fibrate 600 (5.9%) 366 (5.6%) 234 (6.4%) 0.0973
Potassium 45106 44104 45+07 <0.0001
LDL 104.9+33.9 105.1£33.1 104.5+353 0.4269
HDL—female 47.1+£126 475+£125 4621127 0.0034
HDL—male 38.6+9.6 389193 38.1+10.1 0.0019
Triglycerides 155.0 [106.0,228.0] 150.0 [103.0,219.0] 165.0 [112.0,243.0] <0.0001
Education <0.0001

<HS Graduate 1489 (14.7%) 868 (13.3%) 621 (17.1%)

HS graduate/GED 2684 (26.5%) 1699 (26.1%) 985 (27.1%)

Some college/tech 3330 (32.9%) 2161 (33.2%) 1169 (32.2%)

College graduate or more 2632 (26.0%) 1776 (27.3%) 856 (23.6%)
Network 0.0018

A 1492 (14.7%) 1001 (15.4%) 491 (13.5%)

B 1722 (17.0%) 1141 (17.5%) 581 (16.0%)

C 1240 (12.2%) 818 (12.6%) 422 (11.6%)

D 1562 (15.4%) 975 (15.0%) 587 (16.1%)

E 1193 (11.8%) 724 (11.1%) 469 (12.9%)

F 1530 (15.1%) 956 (14.7%) 574 (15.8%)

G 1403 (13.8%) 891 (13.7%) 512 (14.1%)

Abbreviations: ACE, angiotensin-converting enzyme; ARBs, angiotensin receptor blockers; BMI, body mass index; BP, blood pressure; CCBs, calcium-channel blockers; CHF,
congestive heart failure; CKD, chronic kidney disease; CVD, cardiovascular disease; DM, diabetes mellitus; eGFR, estimated glomerular filtration rate; GED, graduate
equivalency diploma; HDL, high-density lipoprotein; HS, high school; LDL, low-density lipoprotein; UACR, urine albumin-to-creatinine ratio.

Kidney International (2015) 87, 649-659

651



clinical trial

V Papademetriou et al.: Cardiovascular risk in patients with type 2 diabetes

Table 2| Baseline characteristics by glycemia arm and baseline CKD status

With CKD intensive

With CKD standard

No-CKD intensive

No-CKD standard

(N=1836) (N=1800) (N=3244) (N=3262) P-value

Age (years) 634+73 63.1+7.2 61.6+64 61.81+6.6 <0.0001
Sex (Female) 680 (37.0%) 647 (35.9%) 1279 (39.4%) 1298 (39.8%) 0.0177
Race/ethnicity 0.7253

African American 358 (19.5%) 358 (19.9%) 625 (19.3%) 584 (17.9%)

White 1142 (62.2%) 1099 (61.1%) 2033 (62.7%) 2067 (63.4%)

Hispanic 132 (7.2%) 136 (7.6%) 214 (6.6%) 234 (7.2%)

Other 204 (11.1%) 207 (11.5%) 372 (11.5%) 377 (11.6%)
Weight (kg) 9414190 943+19.2 93.2+185 932+183 04048
Waist (cm) 107.8+13.9 1080+ 145 106.1£13.9 1062£133 00151
BMI (kg/m?) 324%56 325%57 321+54 32153 03167
Smoking status 0.0027

Never 699 (38.1%) 737 (41.0%) 1394 (43.0%) 1401 (43.0%)

Former 839 (45.8%) 793 (44.2%) 1418 (43.8%) 1436 (44.1%)

Current 295 (16.1%) 266 (14.8%) 429 (13.2%) 422 (12.9%)
Serum creatinine m%/dl) 1.0£03 1.0+03 09%0.2 09+0.2 <0.0001
eGFR (ml/min/1.73m <0.0001

0-59 431 (23.5%) 390 (21.7%) 0 (0.0%) 0 (0.0%)

60-89 685 (37.3%) 681 (37.8%) 1501 (46.3%) 1508 (46.2%)

90 + 720 (39.2%) 729 (40.5%) 1743 (53.7%) 1754 (53.8%)
UACR (mg/g) <0.0001

<30 246 (13.4%) 218 (12.2%) 3244 (100%) 3262 (100%)

30-300 1254 (68.5%) 1238 (69.0%) 0 (0.0%) 0 (0.0%)

>300 330 (18.0%) 338 (18.8%) 0 (0.0%) 0 (0.0%)
CKD <0.0001

No CKD 0 (0.0%) 0 (0.0%) 3244 (100%) 3262 (100%)

CKD Stage 1 720 (39.2%) 729 (40.5%) 0 (0.0%) 0 (0.0%)

CKD Stage 2 685 (37.3%) 681 (37.8%) 0 (0.0%) 0 (0.0%)

CKD Stage 3 431 (23.5%) 390 (21.7%) 0 (0.0%) 0 (0.0%)
Serum glucose(mg/dl) 179.2+t61.4 181.8+£62.9 1725+525 1722+522 0.0137
HbA1c(%) 84+1.1 85+ 1.1 82+1.0 821+1.0 0.0002
Duration of DM-years 125182 124181 98%73 10174 <0.0001
Systolic BP 140.7 £ 18.1 141.2+£18.1 133.7+£15.9 1339+ 16.1 <0.0001
Diastolic BP 748+ 11.2 752%+11.2 74.7+103 7481104 0.6686
Heart rate 73.0£124 7271123 7261113 724+115 0.1810
History of CVD 762 (41.5%) 741 (41.2%) 1047 (32.3%) 1020 (31.3%) <0.0001
History of CHF 127 (7.0%) 117 (6.6%) 121 (3.8%) 123 (3.8%) <0.0001
Insulin 770 (41.9%) 770 (42.8%) 961 (29.6%) 1044 (32.0%) <0.0001
Merformin 1069 (58.2%) 1019 (56.6%) 1965 (60.6%) 2017 (61.8%) 0.0012
Any sulfonylurea 921 (50.2%) 836 (46.4%) 1666 (51.4%) 1664 (51.0%) 0.0052
Any anti-hypertensive agent 1663 (90.6%) 1638 (91.0%) 2653 (81.8%) 2720 (83.4%) <0.0001
ACE-inhibitors 1069 (58.2%) 1010 (56.1%) 1624 (50.1%) 1674 (51.3%) <0.0001
ARBs 315 (17.2%) 324 (18.0%) 479 (14.8%) 506 (15.5%) 0.0096
Any thiazide diuretic 348 (19.0%) 352 (19.6%) 642 (19.8%) 619 (19.0%) 0.8188
Beta blockers 616 (33.6%) 644 (35.8%) 44 (26.0%) 874 (26.8%) <0.0001
Dihydropyridine CCBs 266 (14.5%) 284 (15.8%) 321 (9.9%) 308 (9.4%) <0.0001
Non-dihydropyridine CCBs 167 (9.1%) 182 (10.1%) 176 (5.4%) 205 (6.3%) <0.0001
Aspirin 1027 (55.9%) 987 (54.8%) 1756 (54.1%) 1760 (54.0%) 0.5366
Statin 1155 (62.9%) 1114 (61.9%) 1982 (61.1%) 2049 (62.8%) 04513
Fibrate 120 (6.5%) 114 (6.3%) 194 (6.0%) 172 (5.3%) 0.2328
Potassium 45105 45109 44104 44104 0.0007
LDL 103.6+35.4 105.5+35.2 105.6 +33.2 104.6 £33.0 0.6493
HDL—female 46.4+13.2 46.01+12.1 4761128 4731123 0.5713
HDL—male 37.8%£99 384+10.2 388+9.3 39.0+9.3 0.0063
Triglycerides 166.0 [112.0,243.0] 165.0 [112.0,243.0] 151.0 [102.0,223.0] 150.0 [105.0,216.0] <0.0001
Education <0.0001

<HS graduate 338 (18.4%) 283 (15.7%) 453 (14.0%) 415 (12.7%)

HS Graduate/GED 502 (27.4%) 483 (26.9%) 826 (25.5%) 873 (26.8%)

Some college/tech 571 (31.2%) 598 (33.3%) 1091 (33.6%) 1070 (32.8%)

College graduate or more 422 (23.0%) 434 (24.1%) 873 (26.9%) 903 (27.7%)
Network 0.1129

A 247 (13.5%) 44 (13.6%) 499 (15.4%) 502 (15.4%)

B 287 (15.6%) 294 (16.3%) 567 (17.5%) 574 (17.6%)

C 221 (12.0%) 201 (11.2%) 400 (12.3%) 418 (12.8%)

D 303 (16.5%) 284 (15.8%) 481 (14.8%) 494 (15.1%)

E 230 (12.5%) 239 (13.3%) 369 (11.4%) 355 (10.9%)

F 297 (16.2%) 277 (15.4%) 469 (14.5%) 487 (14.9%)

G 251 (13.7%) 261 (14.5%) 459 (14.1%) 432 (13.2%)

Abbreviations: ACE, angiotensin-converting enzyme; ARBs, angiotensin receptor blockers; BMI, body mass index; BP, blood pressure; CCBs, calcium-channel blockers;
CHF, congestive heart failure; CKD, chronic kidney disease; CVD, cardiovascular disease; DM, diabetes mellitus; eGFR, estimated glomerular filtration rate; GED, graduate
equivalency diploma; HDL, high-density lipoprotein; HS, high school; LDL, low-density lipoprotein; UACR, urine albumin-to-creatinine ratio.
P-values compared CKD with No-CKD subgroups. There were no significant differences between intensive and standard subgroups in either the CKD or the No-CKD

categories.
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evident even when the original (pre-transition) phase of the
trial was analyzed. The interaction between CKD status and
glycemia arm on hypoglycemic episodes was not statistically
significant.

DISCUSSION

Results of the current analysis of the ACCORD data indicate
two major findings: one, that patients with mild-to-moderate
CKD (Stage I1I) carry a much higher cardiovascular risk as

Median A1C over time by baseline CKD status and glycemia arm

2
t
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© 751
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Figure 1| Glycated hemoglobin levels with intensive and
standard therapy in patients with or without chronic kidney
disease (CKD). FU, follow-up; Int, intensive; Std, standard.

CKD

Rate/year (# events)

3.21% (537)

Non-CKD

Rate/year (# events)

Primary outcome 1.60% (497)

Secondary outcomes

Nonfatal M 1.03% (304) 1.80% (321)

Any stroke 0.25% (81) 0.64% (112)

Nonfatal stroke 0.22% (71) 0.58% (101)

Death any cause 1.03% (330) 2.14% (381)

CVD death 0.22% (142) 1.06% (187)

PO/Rev/NonfatalCHF ~ 4.23% (1228)  7.58% (1131)

Major coronary 2.01% (617) 3.47% (575)

Any CHF 0.48% (153) 1.70% (289)

compared with non-CKD patients and, two, that tight glycemic
control in patients with CKD results in a significant increase
in both cardiovascular and all-cause mortality. Diabetic
patients with no evidence of CKD do not seem to carry the
same risk. These findings are of major clinical importance
and have the potential to influence clinical practice. We
recognize that these are post-hoc subgroup comparisons and
as such are underpowered.

Several cohort or observational studies have shown
that CKD 1is a predictor of cardiovascular morbidity and
mortality. In mixed populations, studies have shown that
even a mild decrease in estimated glomerular filtration rate
(eGFR) or albuminuria can predict cardiovascular and all-
cause mortality.>!”'® Evidence, however, in patients with
type 2 diabetes and mild CKD is scarce and limited to four
rather small observational studies in Italy and Japan.®! The
ACCORD study has several strengths, compared with the
existing literature: (a) it is a prospective randomized study
with high-quality data; (b) it was conducted in a purely
diabetic population; (c) it included a large patient sample of
more than 10,000 patients, larger than the summation of
available observational studies evaluating similar parame-
ters;>1! and (d) it is a study of patients with mild-to-
moderate CKD (mostly mild), and thus applicable to the
majority of patients with diabetic CKD.

The findings of our study indicate an almost doubling of
all cardiovascular events in patients with CKD as compared
with those without. Substantial increase was noted in the
composite primary end point, all-cause and cardiovascular

Hazard ratio CKD to non-CKD hazard ratio

(95% Cl)
1.86 (1.65, 2.11)

1.62 (1.38, 1.90)
2.41(1.81,3.22)
2.49 (1.84, 3.38)
1.97 (1.70, 2.29)

2.19 (1.76, 2.73)

1.64 (1.51,1.77) -
1.56 (1.39, 1.75) —
3.20 (2.62, 3.89) —_—
T T T
0.5 1 2 4

CKD better Non-CKD better

Figure 2 | Rates for the primary and secondary outcomes in patients with and without chronic kidney disease (CKD).
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mortality, fatal and nonfatal stroke and myocardial infarc-
tion, and fatal and non-fatal congestive heart failure. In these
patients with mild-to-moderate CKD, the excess risk of death
from any cause was 97% and from cardiovascular causes
was 119%. A post-hoc analysis of the Action in Diabetes and

a CKD 182 Non-CKD
Rate/year (# events) Rate/year (# events)
Primary outcome 3.18% (412) 1.60% (497)

Secondary outcomes

Nonfatal Ml 1.84% (241) 1.03% (321)
Any stroke 0.60% (81) 0.25% (81)
Nonfatal stroke 0.56% (75) 0.22% (71)
Death any cause 2.00% (276) 1.03% (330)
CVD death 1.00% (137) 0.44% (142)

PO/Rev/NonfatalCHF ~ 7.53% (873)  4.23% (1228)

Major coronary 3.48% (446) 2.01% (617)
Any CHF 1.64% (217) 0.48% (153)
b CKD 3 Non-CKD
Rate/year (# events) Rate/year (# events)
Primary outcome 3.32% (125) 1.60% (497)

Secondary outcomes

Nonfatal MI 1.65% (63) 1.03% (321)
Any stroke 0.80% (31) 0.25% (81)
Nonfatal stroke 0.67% (26) 0.22% (71)
Death any cause 2.62% (105) 1.03% (330)
CVD death 1.26% (50) 0.44% (142)

PO/Rev/NonfatalCHF ~ 7.73% (258)  4.23% (1228)

Major coronary 3.44% (129) 2.01% (617)

Any CHF 1.90% (72)  0.48% (153)

Vascular disease: preterAx and diamicroN-MR Controlled
Evaluation (ADVANCE) study also found that albuminuria
and low eGFR are independent predictors of cardiovascular
and renal events in patients with type 2 diabetes mellitus.'?
Findings from both studies clearly establish mild-to-moderate

Hazard ratio CKD 1&2 to non-CKD

(95% Cl) hazard ratio
1.65 (1.44, 1.90) —.—
1.58 (1.33, 1.89) ——
1.72 (1.24, 2.38) —_—
1.72 (1.22, 2.43) —_—
1.55 (1.31, 1.84) ——
1.77 (1.38, 2.27) —
1.48 (1.35, 1.62) -
1.48 (1.30, 1.68) ——
2.56 (2.06, 3.18) ——
T T T
0.5 1 2 4
CKD better Non-CKD better
Hazard ratio CKD 3 to non-CKD
(95% Cl) hazard ratio
1.61 (1.30, 1.99) ——
1.29 (0.97, 1.72) ——
2.23 (1.41, 3.51) —_—
2.26 (1.38, 3.71) _—
1.87 (1.48, 2.37) —_—
2.03 (1.42, 2.88) —_—
1.47 (1.28, 1.70) ——
1.39 (1.14, 1.71) ——
2.48 (1.83, 3.35) —_—
T T T
0.5 1 2 4

CKD better Non-CKD better

Figure 3 | Rates of primary and secondary outcomes by chronic kidney disease status. Rates for the primary and secondary outcomes in
patients without CKD compared to patients with mild CKD | and Il (a), CKD Il (b) and albuminuria (c).
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Non-CKD

Rate/year (# events)

1.60% (497)

Cc CKD albuminuria

Rate/year (# events)

Primary outcome 3.35% (484)

Secondary outcomes

Nonfatal Ml 1.91% (279) 1.03% (321)
Any stroke 3.20% (100) 0.25% (81)
Nonfatal stroke 0.60% (91) 0.22% (71)

Death any cause 2.16% (334) 1.03% (330)

CVD death 1.09% (167)  0.44% (142)

PO/Rev/NonfatalCHF ~ 7.75% (1000)  4.23% (1228)

Major coronary 3.61% (517) 2.01% (617)

Any CHF 1.75% (258)  0.48% (153)

Figure 3| Continued.

CKD (Stages IHII) as a strong correlate of morbidity and
mortality in patients with type 2 diabetes mellitus.

The second and likely most important finding of our
study is the effect of intensive glycemic control on cardio-
vascular and all-cause mortality in patients with mild-to-
moderate CKD. In these patients, intensive glycemic control
was associated with a 41% increase in cardiovascular
mortality and a 31% increase in all-cause mortality. This
finding is concordant with a recent observational study from
Canada, in more than 23,000 diabetic patients with CKD, in
which aggressive glycemic control with glycated hemoglobin
levels below 6.5% was associated with excess mortality.?

In our study, the rates of hypoglycemia were almost
doubled in patients with CKD compared with patients without
CKD. Of equal importance, the annualized rates of hypo-
glycemic episodes requiring assistance were almost threefold
more common with intensive therapy compared with
standard therapy in patients with CKD. Hypoglycemic events
are more frequent in patients with CKD compared with
patients without CKD. A very large retrospective cohort of
about 250,000 patients with more than two million glucose
measurements revealed the higher incidence of hypoglycemia
in CKD patients and the close association between hypogly-
cemia and mortality.?! Indeed, the adjusted hypoglycemia
rates were approximately double in CKD patients compared
with non-CKD diabetic patients (10.72 vs. 5.33 episodes/100
patient-months; P<<0.0001). This was also true for severe hypo-
glycemia (blood glucose <50mg/dl) as well (2.99 vs. 1.45
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Hazard ratio CKD 3 to non-CKD hazard ratio

(95% Cl)
1.71 (1.50, 1.96)

1.63 (1.37, 1.93)

1.87 (1.37, 2.56)

1.87 (1.34, 2.60)

1.64 (1.39, 1.93)

1.87 (1.47, 2.37)

1.50 (1.37, 1.64)

1.52 (1.34, 1.72)

2.67 (2.16, 3.30)

T T

T
0.5 1 2 4
CKD better Non-CKD better

episodes/100 patient-months; P<0.0001). Moreover, hypo-
glycemia was strongly associated with mortality within the
first day following a hypoglycemic episode experienced either
out of or in the hospital, exhibiting a severity-dependent
gradual relationship—i.e., the more severe the hypoglycemia,
the higher the mortality. These findings underscore the
special attention that is needed for the proper and safe
management of diabetes in patients with CKD.

Exogenous insulin is normally metabolized by the kidney,
and in patients with impaired kidney function the half-life of
insulin is prolonged. Similarly, clearance of many drugs is
decreased in patients with CKD, resulting in prolonged
exposure to higher levels of the drug or its metabolites. The
higher rate of hypoglycemia therefore in patients with mild-
to-moderate CKD could be related to impaired drug meta-
bolism, whereas in patients with more advanced CKD it
could be, in addition, related to decreased renal neoglycogen-
esis or malnutrition and cachexia and subsequent decreased
glycogen stores.?

Several studies have shown that the risk for adverse events
and medication errors increases significantly as the number
of drugs in a therapeutic regimen increases.”> The number of
drugs administered in the intensive therapy group was
significantly higher compared with standard therapy in the
ACCORD trial. The percentage of patients using three or
more oral hypoglycemic agents either alone (17%) or in
combination with insulin (25%) was more than double
in intensive therapy compared with standard therapy.
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a

Standard glycemia Intensive glycemia

Rate/year (N=1836)

Rate/year (N=1800)

Hazard ratio
(95% Cl)

Intensive to standard hazard ratio

Primary outcome 3.43% 3.00% 0.87 (0.73, 1.03) —

Secondary outcomes

Nonfatal MI 2.07% 1.54% 0.74 (0.59, 0.93) —

Any stroke 0.73% 0.56% 0.77 (0.53, 1.13) _—

Nonfatal stroke 0.65% 0.51% 0.80 (0.54, 1.18) —_—

Death any cause 1.84% 2.43% 1.31 (1.07, 1.60) ——

CVD death 0.86% 1.25% 1.41 (1.05, 1.89) E—
PO/Rev/NonfatalCHF 7.79% 7.37% 0.94 (0.84, 1.06) —=

Major coronary 3.67% 3.27% 0.88 (0.75, 1.04) ——

Any CHF 1.72% 1.67% 0.97 (0.77, 1.23) —

05 1 2 4
CKD better Non-CKD better
b Standard glycemia Intensive glycemia  Hazard ratio Intensive to standard hazard ratio
Ratelyear (N=3262) Ratelyear (N=3244) (95% Cl)

Primary outcome 1.63% 1.56% 0.94 (0.79, 1.12) —
Secondary outcomes

Nonfatal Ml 1.08% 0.97% 0.88 (0.71, 1.10) —

Any stroke 0.26% 0.25% 0.97 (0.63, 1.50) —_—

Nonfatal stroke 0.22% 0.22% 0.96 (0.61, 1.54) —_—

Death any cause 0.98% 1.07% 1.08 (0.87, 1.34) ——

CVD death 0.41% 0.48% 1.14 (0.82, 1.58) —_—r—
PO/Rev/NonfatalCHF 5.36% 4.10% 0.92 (0.83, 1.03) —=—

Major coronary 2.08% 1.94% 0.92 (0.78, 1.81) —

Any CHF 0.41% 0.55% 1.31 (0.95, 1.81) ——

05 1 2 4

Intensive better Standard better

Figure 4 | Rates of primary and secondary outcomes by randomized treatment group (intensive versus standard). Rates for the primary
and secondary outcomes with intensive versus standard glycemic therapy in patients with chronic kidney disease (CKD) (a) and non CKD (b).

Furthermore, insulin was used in higher doses by patients
assigned to the intensive compared with the standard therapy
group, as the study design recommended an increase in
previous insulin dose by 10% if the target was not achieved.
In our analysis, both insulin and oral hypoglycemic agents
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were used more frequently in CKD compared with non-CKD
patients. A large amount of evidence suggests that the
incidence of adverse drug events is significantly higher in
CKD compared with non-CKD patients.?* A recent study in a
community hospital shows that adverse drug events were

Kidney International (2015) 87, 649-659
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Figure 5 | Cardiovascular and all-cause mortality stratified by intensive or standard treatment group and by chronic kidney disease
(CKD) status. Cardiovascular and all-cause mortality with intensive versus standard glycemic control in patients without CKD (a, ¢) and

with CKD (b, d).

Table 3 | Hypoglycemic episodes requiring assistance with
intensive versus standard glycemic therapy in patients with
and without CKD

CKD at baseline

Glycemia arm Events Percent Annual incidence

Overall percent and annual incidence of hypoglycemia requiring
assistance

Non-CKD Standard 172 52 1.1
Non-CKD Intensive 500 153 35
CKD Standard 165 9.1 2.0
CKD Intensive 398 215 53

Pre-transition percent and annual incidence of hypoglycemia requiring
assistance

Non-CKD Standard 145 44 1.2
Non-CKD Intensive 474 14.5 4.2
CKD Standard 129 7.1 2.0
CKD Intensive 375 20.2 6.1

Abbreviation: CKD, chronic kidney disease.
P-value for interaction between CKD status and glycemia arm is 0.1811.
P-value for interaction between CKD status and glycemia arm is 0.3305.

common in CKD patients; half of them were serious and
some of them were life-threatening, and most of them were
potentially preventable.”®> In our study, there were no

Kidney International (2015) 87, 649-659

significant differences in all-cause and cardiovascular
mortality between intensive and standard glycemic control
in patients without CKD. This finding is clinically relevant
and should be reassuring to clinicians who desire to pursuit
tight glycemic control in some patients. Previous efforts to
identify clinically meaningful predictors of increased mor-
tality with tight glycemic control have not been adequately
successful. These factors include hypoglycemia, HgAlc, drug
interactions, and even play of chance.'®?%3% An exploratory
analysis assessing the association between baseline charac-
teristics and increased mortality with intensive therapy in the
main ACCORD study was similarly discouraging.®! To our
knowledge, this is the first report to show that aggressive
glucose control is detrimental in patients with mild and
moderate CKD. It is of paramount importance, therefore,
that CKD status be established in all newly diagnosed and
existing diabetic patients and be taken into account in
tailoring hypoglycemic therapy. The strengths of this study
are several and include the large sample size, the high quality
of the data, and a representative sample of patients with
CKD. The prospective nature of the study and the meticulous
follow-up make the data more consistent and reliable.

657



clinical trial

V Papademetriou et al.: Cardiovascular risk in patients with type 2 diabetes

Moreover, the thorough monitoring of an extensive list of
baseline risk factors allows for appropriate adjustments and
accurate evaluations. There are a few limitations as well. The
analysis is post-hoc and as such hypothesis generating.
Patients with advanced CKD (Stage IV and V) were not
included, and study findings are not generalizable. In con-
clusion, this post-hoc analysis of the ACCORD data uncovered
two important findings: (a) patients with moderate or even
mild CKD have two to three times higher cardiovascular risk;
and (b) intensive glycemic control in patients with mild-to-
moderate CKD results in substantial increase of cardio-
vascular and all-cause mortality. As the management of
diabetic patients with CKD is difficult and intensive glucose
lowering appears to be inappropriate, new approaches are
likely to be required if we are to alter the cardiovascular
outcome of this patient population.

MATERIALS AND METHODS

Patient population and study design

ACCORD was a randomized trial of 10,251 high-risk patients with
diabetes mellitus type 2. The rationale and design of the study have
been published previously in detail.!®> In brief, ACCORD recruited
participants who had type 2 diabetes mellitus and a glycated
hemoglobin level of 7.5% or more and who either were between the
ages of 40 and 79 years and had cardiovascular disease or were
between the ages of 55 and 79 years and had anatomical evidence of
significant atherosclerosis, albuminuria, left ventricular hypertrophy,
or at least two additional risk factors for cardiovascular disease
(dyslipidemia, hypertension, current status as a smoker, or obesity).
Key exclusion criteria included frequent or recent serious hypo-
glycemic events, unwillingness to do home glucose monitoring or
inject insulin, a body mass index (the weight in kilograms divided
by the square of the height in meters) of more than 45, a serum
creatinine level of more than 1.5mg per deciliter (133 pmol per
liter), or other serious illness. All 10,251 patients were randomly
assigned to receive comprehensive intensive therapy targeting a
glycated hemoglobin level of <6.0% or to receive standard therapy
targeting a level of 7.0-7.9%. A double two-by-two factorial design
was used to further randomize participants; 4,733 patients were
randomly assigned to lower their blood pressure by receiving either
intensive therapy (systolic blood-pressure target, <120 mm Hg) or
standard therapy (systolic blood-pressure target, <140 mm Hg). In
addition, 5,518 patients were randomly assigned to receive either
fenofibrate or placebo while maintaining good control of low-
density lipoprotein cholesterol with simvastatin.’>33 Written informed
consent was granted by all study participants, and the protocol was
approved by a review panel at the NHLBI and the IRB or ethics
committee of each participating center, and the study was
performed in accordance with the Helsinki declaration principles.

CKD definition

The Modification of Diet in Renal Disease formula was used to
calculate the eGFR. CKD was defined according to the 2013 National
Kidney Foundation—Kidney Disease Outcomes Quality Initiative
five-stage classification system.” In particular, Stage I CKD was
defined as eGFR > 90 ml/min/1.73 m? and urine albumin/creatinine
ratio > 30 pg/mg; Stage II CKD was defined as eGFR between 60 and
89ml/min/1.73m> and urine albumin/creatinine ratio >>30 ug/mg;
Stage IIT was defined as eGFR between 30 and 59 ml/min/1.73 m*
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with or without albuminuria. Mild CKD included patients with
Stage I and II, and moderate CKD included patients with Stage III
CKD. Patients with Stage IV and V CKD were excluded from the
ACCORD trial.

Outcomes

The primary outcome for the study was the composite of the first
occurrence of nonfatal myocardial infarction, nonfatal stroke, or
cardiovascular death. Several secondary outcomes were prespecified,
including all-cause and cardiovascular mortality, nonfatal myocar-
dial infarction, nonfatal and fatal stroke, fatal and nonfatal con-
gestive heart failure, revascularization, and major coronary disease
events.!?

Statistical analysis

For Tables land 2, continuous variables are expressed as mean + s.d.
When the distribution was highly skewed the median was used, and
the interquartile range is reported. Categorical variables are reported
as percentages. Baseline characteristics between CKD and non-CKD
patients as well as intensive versus standard therapy in each group
were compared using y* and two-sample t-tests. Fisher’s exact test
was used to compare the incidence of key safety outcomes.

Cox proportional hazard models were used for the analyses of
primary and secondary outcomes in the intensive versus standard
glycemic control groups and according to the presence or not of
CKD. Two-sided P-values were obtained from likelihood ratio tests
from Cox proportional hazard regression analyses.

Event rates are expressed as the percentage of events per
follow-up year, taking into account censoring of follow-up data.
Kaplan-Meier estimates were used to obtain the proportion of
patients who had an event during follow-up.

Cox models contained a term representing study group assign-
ments plus terms accounting for the following prespecified strati-
fication variables: assignment to either the blood-pressure trial or
the lipid trial, assignment to the intensive blood pressure interven-
tion in the blood-pressure trial, assignment to receive fibrate in the
lipid trial, the seven clinical-center networks, the presence or absence
of a previous cardiovascular event, and the following baseline cova-
riates (cardiovascular history, clinical-center network, age (years),
female (yes/no), body mass index (kg/m?), HbAlc %, systolic blood
pressure, smoking status (yes/no), insulin use (yes/no), and anti-
hypertensive use (yes/no)).

Subgroup analyses for the consistency of the effects among
subgroups of study participants were performed using interaction
tests between subgroups and therapy effects.

No adjustments were made for multiple testing. Nominal P-
values are reported throughout as simple guides to possible
associations. All analyses were performed at a central coordinating
center using SAS 9.3 software (SAS Institute, Cary, NC).
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