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ABSTRACT Objective: To explore the association between anemia and cardiovascular disease and all-
cause mortality among diabetic patients, and whether the association is modified by the presence of chro-
nic kidney disease (CKD). Methods: Physical examination data of 8 563 patients with diabetes who met
the inclusion and exclusion criteria between 2010 and 2011 were collected, based on the prospective co-
hort data of Kailuan study. The deadline of the follow-up was December 31, 2015, and the endpoints
comprised all-cause mortality and cardiovascular disease. Survival analysis was performed by Kaplan-
Meier method. Cox proportional hazards regression model was used to assess the association between ane-
mia with or without CKD, and cardiovascular events and all-cause mortality after adjustment for confoun-
ding factors. Results: The average age of the subjects was (57.3 £10.3) years, of whom the patients
with anemia accounted for 5.2% . The proportion of the patients with anemia combined with CKD was
higher than that of the patients without anemia (27.2% wvs. 20.8% , P =0.001). The median follow-up
time was 4.9 years (interquartile range: 4.6 —5.2 years). During the follow-up period, 559 patients
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died, and 434 patients had cardiovascular disease. Compared with the patients without anemia, the all-
cause mortality rate of the patients with anemia was higher (3 220.3/100 000 person-years vs. 1 257.9/
100 000 person-years, P <0.001). There was no statistically significant difference in the incidence of
cardiovascular disease between the above two groups (999.8/100 000 person-years vs. 1 081.2/100 000
person-years, P >0.05). The mortality and incidence of cardiovascular disease among the patients with
CKD were higher than those of the patients without CKD (2 558.3/100 000 person-years vs. 1 044.0/
100 000 person-years, P <0.001; 1 605.9/100 000 person-years vs. 941.6/100 000 person-years, P <
0.001). Results of Cox regression model showed that, after adjustment for confounding factors, the all-
cause mortality risk increased by 95% in the diabetic patients with anemia ( HR =1.95, 95% CI.
1.50 —2.54). Anemia and CKD significantly increased the mortality risk among diabetic patients ( HR =
3.61,95% CI.2.48 —5.26). The CKD patients without anemia had an increased risk of cardiovascular
disease (HR =1.41,95% CI. 1.13 -1.74). Conclusion: Anemia is associated with an increased mor-
tality risk in Chinese diabetic patients. Patients with CKD have an increased risk of cardiovascular di-
sease and mortality. The all-cause mortality risk increases significantly in anemia patients with the pre-
sence of CKD, which indicates that we should focus on the prevention and treatment of diabetic patients
with anemia and CKD.
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Figure 1 Flow chart of inclusion and exclusion for subjects
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Table 1 Characteristics of subjects according to anemia
Characteristics Anemia (n =442) No anemia (n =8 121) Test value (t/x*) P

Demographics

Age/years 60.3 + 11.9 57.2 +10.2 -6.33 <0.001*

Male, n (%) 332 (75.1) 6 675 (82.2) 14.14 <0.001*

High school and above, n (%) 75 (17.0) 1572 (19.4) 1.54 0.215
Lifestyle

Current smoker, n (% ) 99 (22.4) 2840 (35.0) 29.40 <0.001*

Current drinker, n (% ) 84 (19.0) 2 841 (35.0) 47.59 <0.001*
Anthropometry

BMI / (kg/m?) 25.8 £ 3.9 26.3 = 3.4 2.67 0.008*

Systolic blood pressure/mmHg 139.2 + 20.3 139.2 £ 20.1 -0.07 0.943

Diastolic blood pressure /mmHg 84.0 = 11.2 87.0 = 11.1 5.56 <0.001*
Laboratory results

Creatinine /( mg/L) 9.3 £ 3.3 9.1 £ 2.4 -1.23 0.219

eGFR/ [mL/(min - 1.73 m?) ] 85.4 + 21.7 88.1 + 20.0 2.75 0.006"

Total cholesterol/ ( mmol/L) 5.2 £ 3.4 5.3 £1.3 1.15 0.250

HDL-C /( mmol/L) 1.5 £ 0.5 1.5 £ 0.6 -0.66 0.510

LDL-C /( mmol/L) 2.5 £ 1.0 2.8 £ 1.0 5.41 <0.001*

Uric acid /( umol/L) 291.7 + 92.5 288.6 + 85.4 -0.68 0.49%4
Comorbidity

CKD, n (%) 120 (27.2) 1 686 (20.8) 10.28 0.001*

Hypertension, n (% ) 273 (61.8) 5133 (63.2) 0.37 0.541

Data were shown as x + s for continuous variables, or n (% ) for categorical variables. a, P was considered as statistically significant. BMI, body
mass index; eGFR, estimated glomerular filtration rate; HDL-C, high density lipoprotein cholesterol; LDL-C, low density lipoprotein cholesterol; CKD,

chronic kidney disease; 1 mmHg =0. 133 kPa.
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Table 2 Endpoints of diabetic patients according to anemia and CKD

Groups All-cause mortality CVD

According to anemia

Anemia (n =442) 66 (14.9% ) 20 (4.5%)

No anemia (n =8 121) 493 (6.1%) 414 (5.1%)
According to anemia and CKD

Anemia + / CKD + (n=120) 32 (26.7%) 7 (5.8%)

Anemia + / CKD - (n=322) 34 (10.6% ) 13 (4.0% )

Anemia — / CKD + (n=1686) 185 (11.0%) 125 (7.4%)

Anemia — / CKD - (n=6435) 308 (4.8% ) 289 (4.5%)
Total (n =8 563) 559 (6.5% ) 434 (5.1%)

CVD, cardiovascular disease; CKD, chronic kidney disease.
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Table 3 The effect of anemia and CKD on the risk of CVD and all-cause mortality

All-cause mortality CVD
Group
HR (95% CI) P HR (95% CI) P

Model 1

Anemia 1.95 (1.50 -2.54) <0.001 0.86 (0.54 -1.36) 0.420

No anemia 1 (Reference) 1 (Reference)
Model 2

Anemia + / CKD + 3.61 (2.48-5.20) <0.001 1.04 (0.47 -2.33) 0.915

Anemia + / CKD - 1.86 (1.30-2.66) <0.001 0.92 (0.53-1.61) 0.775

Anemia — / CKD + 1.75 (1.45-2.12) <0.001 1.41 (1.13-1.74) 0.002

Anemia — / CKD - 1 (Reference)

1 (Reference)

Model 1, adjusted for age, gender (male vs. female) , education (high school and above vs. below high school ) , smoking ( current smoker vs. non-
current smoker) , alcohol use (current drinker vs. non-current drinker) , BMI, total cholesterol, HDL-C, LDL-C, uric acid, presence of hypertension
(yes vs. no) and CKD (yes vs. no). Model 2, adjusted for age, gender (male vs. female) , education (high school and above vs. below high school ) ,
smoking ( current smoker vs. non-current smoker) , alcohol use ( current drinker vs. non-current drinker) , BMI, total cholesterol, HDL-C, LDL-C, uric
acid, presence of hypertension (yes vs. no). CVD, cardiovascular disease; CKD, chronic kidney disease; BMI, body mass index; HDL-C, high density
lipoprotein cholesterol ; LDL-C, low density lipoprotein cholesterol; HR, hazard ratio; CI, confidence interval.
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