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OBJECTIVE — Anemia and chronic kidney disease (CKD) are risk factors for cardiovascular
diseases in diabetes. We examined the association between hematocrit, stratified by the presence
of CKD, and cardiovascular events in a cohort of Chinese subjects with type 2 diabetes.

RESEARCH DESIGN AND METHODS — A total of 3,983 patients who underwent
assessment for diabetes complications were recruited. Subjects were categorized into five groups.
Group I included subjects with hematocrit below the normal sex-specific range. The cutoff
points for groups II–V were selected to represent the distribution of the hematocrit for each sex.
CKD was defined by the estimated glomerular filtration rate �60 ml/min per 1.73 m2. Cardio-
vascular events were defined as cardiovascular mortality and morbidity, including new onset of
myocardial infarction, acute coronary syndrome, revascularization, heart failure, and stroke
requiring hospitalization.

RESULTS — A total of 294 subjects (7.4%) developed cardiovascular events during the me-
dian of 36.4 months. The rate of cardiovascular events was highest in subjects with low hemat-
ocrit (group I, 18.6%) compared with group V (3.4%, P � 0.001). The multivariate-adjusted
hazard ratio for cardiovascular events diminished with increasing hematocrit (group I, 1.0;
group II, 0.73 [95% CI 0.51–1.04]; group III, 0.57 [0.39–0.83]; group IV, 0.61 [0.39–0.95];
and group V, 0.36 [0.17–0.79]). After stratifying by the presence of CKD, the previously
observed reduction in the risk of developing cardiovascular events with increasing hematocrit
was abolished in the cohort with CKD but persisted in the non-CKD cohort.

CONCLUSIONS — In Chinese subjects with type 2 diabetes, low levels of hematocrit and the
presence of CKD are associated with increased risk of developing adverse cardiovascular events.
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D iabetes is a leading cause of end-
stage renal disease and cardiovascu-
lar diseases, with 60% of the global

diabetic population coming from Asia (1).
Approximately 26 million people are es-
timated to have diabetes in China (2).
Growing evidence confirms the predic-
tive role of chronic kidney disease (CKD)
on cardiovascular morbidity and mortal-
ity (3,4). This is due to the constellation of
conventional and nonconventional risk
factors in patients who develop CKD,
such as anemia, inflammation, and abnor-
mal bone metabolism (5,6). In this re-
gard, hematocrit is a risk factor for
cardiovascular disease and all-cause mor-
tality in patients with CKD (7), patients
with left ventricular dysfunction (8), and
the general population (9).

Despite the close associations be-
tween CKD and diabetes, there is a pau-
city of information on the relationship
between levels of hematocrit, CKD, and
clinical outcomes in patients with type 2
diabetes. In the present study, we exam-
ined the association between hematocrit,
stratified by the presence of CKD, and the
development of cardiovascular events
in a cohort of Chinese type 2 diabetic
subjects.

RESEARCH DESIGN AND
METHODS — Patients with diabetes
were referred from general practitioners,
general medical clinics, and other special-
ist clinics of the hospital to the Diabetes
Centre, Prince of Wales Hospital and un-
derwent comprehensive assessment of
complications and risk factors based on
the European DiabCare protocol (10). Be-
tween 1995 and 2000, 4,231 patients un-
derwent assessments with measurement
of hematocrit. Patients with type 1 diabe-
tes (n � 248), defined as acute presenta-
tion with diabetic ketoacidosis, heavy
ketouria (�3�), or continuous require-
ment of insulin within 1 year of diagnosis,
were excluded from this analysis. A total
of 3,983 subjects were included in the fi-
nal analysis. Informed consent was ob-
tained from all patients at the time of
assessment to allow use of data for re-
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search purpose. The study was approved
by the Chinese University of Hong Kong
Clinical Research Ethics Committee.

Details of the assessment and labora-
tory measurement of metabolic parame-
ters were described previously (11).
Fasting plasma glucose, lipids (including
total cholesterol, HDL cholesterol, tri-
glyceride, and calculated LDL choles-
terol), renal and liver functions, complete
blood count, and HbA1c (A1C) were mea-
sured. A timed urinary collection (4 or
24 h) was obtained to document albumin
excretion rate (AER) after exclusion of
urinary tract infection. Nonalbuminuria
was defined as urinary AER �20 �g/min.
Albuminuria was defined as AER �20 �g/
min. Estimated glomerular filtration rate
(eGFR; expressed in milliliters per minute
per 1.73 m2) was calculated using the ab-
breviated Modification of Diet in Renal
Disease Study Group formula (12).

GFR � 186 � [SCR � 0.011]�1.154 �
[age]�0.203 � [0.742 if female], where
SCR is serum creatinine expressed as mi-
cromoles per liter. CKD was defined as
eGFR �60 ml/min per 1.73 m2 (13). In
Hong Kong Chinese, the reference ranges
of hematocrit for male and female individ-
uals were �39 to �50 and �32 to
�43%, respectively.

Given the bell-shaped distribution of
hematocrit in the cohort, the approach of
dividing the cohort into quintiles was not
appropriate. It would include subjects
with very different hematocrit within the
same category of the quintiles. Hence,
subjects were categorized into the follow-
ing five groups on the basis of the sex-
specific hematocrit value: group I, male
�39%, female �32%; group II, male
�39 to �43%, female �32 to �36%;
group III, male �43 to �47%, female
�36 to �40%; group IV, male �47 to
�50%, female �40 to �43%; and group
V, male �50%, female �43%.

Group I included subjects with he-
matocrit below the normal sex-specific
range. The cutoff points for groups II–V
were selected to represent the distribution
of the hematocrit for each sex in this co-
hort of subjects.

On 31 December 2000, all registered
patients were censored using mortality
data from the Hong Kong Death Registry.
Details of all medical admissions with pri-
mary and secondary diagnosis using the
ICD-9 codes and last available serum cre-
atinine results within 12 months of the
date of the censor were retrieved from the
Hospital Authority Central Computer
System. All causes of death were further

ascertained by review of case notes by an
endocrinologist. Cardiovascular events
were defined as cardiovascular mortality
and morbidity, including new onset of
myocardial infarction, acute coronary
syndrome, revascularization (coronary
arterial bypass grafting, percutaneous
transluminal coronary angioplasty, and
aorto-femoral bypass), heart failure, and
stroke requiring hospitalization.

Statistical analysis
The analysis was performed using the
SPSS (version 11.5) package. Triglycer-
ide, white blood cell count, creatinine,
eGFR, and albuminuria were logarithmi-
cally transformed due to skewed distribu-
tions. All data are expressed as means �
SD or median (interquartile range), as ap-
propriate. Student’s t test or ANOVA was
used for between-group comparisons for
continuous variables and 	2 test for cate-
gorical variables. Cox multivariate regres-
sion analysis was used to examine
association between CKD and hematocrit
for cardiovascular events expressed as
hazard ratios (HRs) and 95% CIs. Inde-
pendent variables included in the model
were age, sex, duration of diabetes, smok-
ing history (current and former), BMI,
mean arterial pressure, A1C, white blood
cell count, HDL cholesterol, LDL choles-
terol, triglyceride, and prevalent macro-
vascular disease. The incidence of
cardiovascular events was analyzed using
Kaplan-Meier analyses according to dif-
ferent categories of hematocrit. A P
value �0.05 (two tailed) was considered
significant.

RESULTS — In this study, 3,983 sub-
jects with type 2 diabetes (mean [�SD]
age 59.1 � 13.5 years, 43.8% male) were
followed for a median of 36.4 months (in-
terquartile range 19.1–50.5). The distri-
butions of hematocrit were lower in
women than men (38.6 � 3.8 vs. 43.3 �
4.3%, P � 0.001). Table 1 compares the
clinical characteristics and metabolic pa-
rameters of patients according to the five
groups of hematocrit. A higher hemato-
crit was associated with younger age, fe-
male preponderance, a shorter duration
of diabetes, lower systolic blood pressure,
and lower AER. In contrast, subjects with
hematocrit below the normal range
(group I) had lower BMI, triglyceride,
LDL cholesterol, and eGFR compared
with individuals with higher hematocrit.
Furthermore, lower hematocrit was asso-
ciated with higher frequencies of smok-
ing, vascular complications, and the use

of ACE inhibitors or angiotesin II receptor
blockers (ARBs) at baseline.

During the study period, 294 subjects
(7.4%) developed cardiovascular events.
The rate was highest in group I (18.6%)
and decreased progressively with increas-
ing value of hematocrit (group II 9.6%,
group III 5.6%, group IV 5.2%, and group
V 3.4%, 	2 � 93.3, P � 0.001).

The group of subjects with hemato-
crit less than the sex-specific normal
range for Hong Kong Chinese (group I)
was used as the reference group in the
analysis of the association between he-
matocrit and cardiovascular events. After
adjustment for age and other confound-
ing factors, there was a reduction in HRs
for cardiovascular events in subjects of
group III (0.57 [95% CI 0.39–0.83], P �
0.03), group IV (0.61 [0.39–0.95], P �
0.029), and group V (0.36 [0.17–0.79],
P � 0.01) compared with group I (Fig. 1).
The cumulative event-free probability of
cardiovascular outcomes is shown in Fig.
2. The curves separate and continue to
diverge throughout the study period (log-
rank score � 391, P � 0.001).

The relationship between the risk of
developing cardiovascular events and he-
matocrit was further analyzed by stratifi-
cation of each category of hematocrit into
those with or without CKD (Table 2). For
subjects with CKD, the previously ob-
served reduction in the risk of developing
cardiovascular events with increasing he-
matocrit was abolished by the presence of
CKD. Among those without CKD, there
were further reductions in the risk of car-
diovascular events with increasing hemat-
ocr i t compared with those wi th
hematocrit below the normal range
(group I). When the association was ex-
amined with hematocrit as a continuous
variable, hematocrit was not selected as
an independent predictor of cardiovascu-
lar events for subjects with CKD. In con-
trast, higher hematocrit was associated
with a lower risk of developing cardiovas-
cular events (HR 0.92 [95% CI 0.88–
0.96], P � 0.001) in the non-CKD cohort.

CONCLUSIONS — This study dem-
onstrates that hematocrit is associated
with the development of adverse cardio-
vascular outcomes in Chinese patients
with type 2 diabetes. After adjustment for
other cardiovascular risk factors, the risk
of developing cardiovascular events was
highest among subjects with hematocrit
below the normal range and decreased
with increasing hematocrit. The presence
of CKD eliminated the protective effect of

Hematocrit, CKD, and cardiovascular events
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higher hematocrit on future cardiovascu-
lar events. These results indicate that he-
matocrit and CKD coalesce to modulate
the development of cardiovascular out-
comes in Chinese patients with type 2
diabetes.

In the present cohort, subjects with
hematocrit below the lower limit of the
normal range (group I) were less obese,
had better glycemic control, and had
more favorable lipid profiles compared
with those with normal hematocrit. De-
spite the apparently better metabolic pro-
file, subjects with low hematocrit had
higher rates of diabetes complications at
baseline and increased risk of developing
cardiovascular events at follow-up. The

paradoxical association between conven-
tional cardiovascular risk factors and the
presence of diabetes complications are
not inconsistent with the concept of re-
verse epidemiology, a phenomenon that
is commonly observed in patients with
CKD (14–16). Furthermore, impaired re-
nal function will cause a reduction in the
clearance of insulin and oral antidiabetes
agents, resulting in improved glycemic
control. The lower BMI and cholesterol
levels could be related to a degree of mal-
nutrition, which is common among sub-
jects with impaired renal function.

The association between CKD and
adverse cardiovascular events is well rec-
ognized (3,4,6,8,17). Effective erythro-

poiesis is dependent on the production of
erythropoietin by the kidneys. Thus, low
hematocrit or anemia could be a proxy for
CKD. Furthermore, prolonged use of
ACE inhibitors, and to some extent ARBs,
has been associated with reduction in he-
moglobin (18–20). The higher percent-
age of ACE inhibitor or ARB treatment in
subjects with low hematocrit may there-
fore confound the association between
hematocrit and adverse cardiovascular
events. However, hematocrit remained an
independent predictor for cardiovascular
events after adjustment for CKD, albu-
minuria, and other conventional risk fac-
tors, as well as the use of ACE inhibitors
or ARB treatment (Table 2). Taken to-

Table 1—Baseline clinical and biochemical characteristics of 3,983 Chinese type 2 diabetic patients stratified according to their baseline
hematocrit values

Group I Group II Group III Group IV Group V

n 366 809 1,612 904 292
Male 66.4 58.5 43.9 28.0 22.6*
Ex- or current smoker 43.8 34.2 27.6 21.2 28.6*
Use of ACE inhibitors or

ARB treatment
17.8 16.1 12.4 9.0 8.6*

Age (years) 66.6 � 12.2 66.2 � 12.7† 58.0 � 13.2† 56.5 � 13.3† 54.8 � 13.5†
Duration of diabetes (years) 10.2 � 7.2 8.7 � 6.7‡ 7.1 � 6.4† 6.0 � 6.0† 5.5 � 5.5†
BMI (kg/m2) 23.9 � 3.5 24.7 � 4.1§ 25.1 � 3.9† 25.5 � 4.0† 25.2 � 4.1†
Waist circumference (cm)

Male 86.0 � 9.4 87.9 � 10.3 88.2 � 9.6§ 89.5 � 9.4‡ 87.7 � 8.5
Female 82.4 � 10.4 83.4 � 10.2 83.1 � 9.8 83.9 � 10.0 83.2 � 9.6

Systolic blood pressure (mmHg) 144 � 24 138 � 22† 135 � 21† 135 � 20† 135 � 20†
Diastolic blood pressure (mmHg) 76 � 13 76 � 11 77 � 11 79 � 11† 80 � 11†
Mean arterial pressure (mmHg) 99 � 15 96 � 13§ 96 � 13§ 98 � 13 99 � 13
A1C (%) 7.49 � 1.80 7.63 � 1.82 7.74 � 1.79 7.87 � 1.84‡ 8.38 � 2.10†
Fasting plasma glucose (mmol/l) 8.52 � 6.57 8.71 � 3.77 8.78 � 3.13 9.16 � 3.36§ 10.00 � 3.79†
Total cholesterol (mmol/l) 5.03 � 1.32 5.21 � 1.22† 5.41 � 1.20† 5.58 � 1.08† 5.74 � 1.20†
HDL cholesterol (mmol/l)

Male 1.20 � 0.38 1.18 � 0.34 1.17 � 0.31 1.18 � 0.32 1.13 � 0.28
Female 1.25 � 0.39 1.26 � 0.41 1.33 � 0.36 1.34 � 0.35 1.36 � 0.36

LDL cholesterol (mmol/l) 3.07 � 1.00 3.26 � 1.05‡ 3.35 � 0.91† 3.50 � 0.95† 3.62 � 1.01†
Triglycerides (mmol/l) 1.2 (0.9–1.9) 1.3 (0.9–2.0) 1.4 (1.0–2.0) 1.4 (1.0–2.2)§ 1.4 (1.0–2.2)§
Serum creatinine (�mol/l)

Male 107 (85–154) 89 (78–105)† 83 (74–94)† 83 (73–92)† 83 (72–89)†
Female 105 (66–213) 77 (60–101)† 64 (56–76)† 62 (56–72)† 63 (55–71)†

Mean hematocrit (%)
Male 35.6 � 3.3 41.2 � 1.1† 44.9 � 1.2† 48.1 � 0.8† 51.3 � 1.3†
Female 29.2 � 2.7 34.4 � 1.1† 38.1 � 1.1† 41.2 � 0.9† 44.4 � 1.3†

White blood cell count (109/l) 7.0 (6.0–8.7) 6.9 (5.7–8.2) 6.8 (5.0–8.0) 7.2 (6.2–8.5) 7.6 (6.4–9.0)
eGFR (ml/min per 1.73 m2) 62 (36–88) 79 (61–97)† 91 (75–107)† 94 (80–109)† 94 (81–110)†
AER (�g/min) 105 (16–1310) 34 (11–185)† 17 (9–72)† 16 (8–56)† 17 (9–54)†
Micro- and macroalbuminuria 66.9 52.9 37.2 36.2 37.1*
Retinopathy 48.9 34.5 22.8 18.1 18.2*
Neuropathy 56.5 40.1 29.5 25.6 21.3*
Macrovascular disease 30.3 19.8 11.8 10.2 8.6*
CKD 48.2 24.1 9.9 6.5 5.9*

Data are percent, means � SD, or median (interquartile range). Group I hematocrit values: male �39%, female �32%; group II: male �39 to �43%, female �32
to �36%; group III: male �43 to �47%, female �36 to �40%; group IV: male �47 to �50%, female �40 to �43%; and group V: male �50%, female �43%.
*P � 0.001 by 	2 test. †P � 0.001, ‡P � 0.01, §P � 0.05 vs. group I.
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gether, our results indicate that low he-
matocrit may exert an independent effect
on the development of cardiovascular
events, at least in Chinese subjects with
type 2 diabetes.

Anemia is a common finding in sub-
jects with diabetes. About 20% of ambu-
latory patients with type 2 diabetes were
noted to have anemia (hemoglobin �130
g/l in men and �120 g/l in women) (21).
Previous studies have shown that low he-
matocrit value was a risk factor for cardio-
vascu la r d i sease in the genera l
population, in patients with CKD, and in
patients with heart failure (7,8). Anemia is
also associated with increased risk of ret-
inopathy in a cross-sectional survey in-

volving diabetic patients in Finland (22).
In patients with known CKD, reduced
levels of hemoglobin, even within the
normal range, identify patients at in-
creased risk for further progression of re-
nal disease including Asian type 2
diabetic patients (23–25). In this connec-
tion, anemia has now been shown to be an
independent risk factor for cardiovascular
events not only in subjects with kidney
disease (7) and those with left ventricular
dysfunction (8) but also in the general
population (9). In a meta-analysis of com-
munity-based population studies, anemia
interacts with CKD to increase the risk of
coronary heart disease, stroke, and all-
cause mortality among subjects with dia-

betes (26). In the present study, our
results confirm the independent associa-
tion of hematocrit with cardiovascular
events, regardless of the presence of CKD,
in subjects with type 2 diabetes.

Several mechanisms may contribute
to the association between low hematocrit
and adverse clinical outcomes. First, low
hematocrit may predispose to chronic
myocardial hypoxia, left ventricular dila-
tation and dysfunction, and lead to in-
creased frequency of cardiovascular
disease (17,27–29). Second, anemia is as-
sociated with increased oxidative stress
since erythrocytes are a major antioxidant
component in the blood (30). Third, low–
molecular weight advanced glycation end
products are associated with declining he-
moglobin in type 2 diabetic patients with
normal renal function (31). Indeed, cor-
rection of anemia in both diabetic and
nondiabetic patients with CKD has been
shown to reduce hospitalization rate and
hospital stay (32,33). Given the high
prevalence of anemia and CKD in our di-
abetic population, there is a need to con-
duct interventional studies to examine
whether optimization of the internal mi-
lieu, including correction of anemia, will
reduce cardiovascular and renal risk (34).

There are limitations in an observa-
tional study. First, the duration of fol-
low-up was relatively short. Nevertheless,
the number of cardiovascular events was
enough to reveal differences in the predic-
tive power of different categories of he-
matocrit. Second, there may be selection
bias in recruiting patients from a single

Figure 1—Hazard ratios of cardiovascular events according to categories of hematocrit levels in
3,983 Chinese type 2 diabetic patients after a median follow-up period of 3 years using Cox
regression analysis. Covariates included age, sex, duration of diabetes, smoking, BMI, mean
arterial pressure, HDL cholesterol, LDL cholesterol, triglycerides, A1C, white blood cell count, use
of ACE inhibitors or ARB treatment at baseline, prevalent macrovascular diseases, and CKD
(defined as eGFR �60 ml/min per 1.73 m2). F, female; M, male.

Figure 2—Kaplan-Meier curves of cardiovascular events among Chinese type 2 diabetic patients according to categories of hematocrit. Covariates
included age, sex, duration of diabetes, smoking, BMI, mean arterial pressure, HDL cholesterol, LDL cholesterol, triglycerides, A1C, white blood cell
count, use of ACE inhibitors or ARB treatment at baseline, prevalent macrovascular diseases, and CKD (defined as eGFR �60 ml/min per 1.73 m2).
F, female; M, male.

Hematocrit, CKD, and cardiovascular events
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center. In Hong Kong, most patients with
chronic diseases including diabetes are
managed at public hospitals. Hence, the
present cohort is a representative sample
of Chinese patients with diabetes in Hong
Kong. Lastly, all covariates were mea-
sured once at baseline. The variability of
measurements may lead to underestima-
tion of the confounding effect of covari-
ates on outcomes. Nonetheless, our
results demonstrated the benefit of having
these measurements on a single occasion
in identifying high-risk subjects in clinical
practice.

In conclusion, low levels of hemato-
crit and the presence of CKD are associ-
ated with increased risk of developing
adverse cardiovascular events. While
these findings call for routine monitoring
of hematocrit in subjects with type 2 dia-
betes to identify high-risk subjects for car-
diovascular complications, interventional
studies are required to confirm the causal
nature of these associations.
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