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Aims: To observe the associations of hemoglobin, albumin and cholesterol as potential malnutrition risk
biomarkers with coronary artery disease in the elderly.
Methods: Individuals who were aged 80 or older took annual medical examination were included, they
were divided into two groups based on the median levels of hemoglobin, albumin or cholesterol respectively. The incidences of coronary artery disease between two groups were compared. The levels of
hemoglobin, albumin or cholesterol were compared in coronary artery disease and non-coronary artery
disease group respectively. The relationships between hemoglobin, albumin and cholesterol and coronary artery disease were assessed by univariate and multivariate logistic regression analysises.
Results: 1007 individuals with ³ 80 years old were enrolled. The incidences of coronary artery disease
were significantly higher in the lower level of hemoglobin and cholesterol groups than the higher level
of hemoglobin and cholesterol groups respectively (both p < 0.05). The levels of hemoglobin and cholesterol were siginificantly lower in coronary artery disease than non-coronary artery disease group
(both p < 0.05). After adjusting for potential confounding factors, hemoglobin was only protective
factor for coronary artery disease in people with ³ 80 years old (p < 0.05).
Conclusions: The general elderly population with lower levels of hemoglobin and cholesterol had the
higher incidence of coronary artery disease, but only hemoglobin was a significant protective factor for
coronary artery disease.
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1. Introduction
In today’s world, with the increasing intensification of old aging,
the health problems of older people are becoming the focus of
attention of global society. Malnutrition is a common problem in
elderly population. But malnutrition yet remained underdiagnosed,
especially in elderly population.1,2 Now, many nutrition screening
and assessment tools have been used in clinical practice, such as
Mini Nutritional Assessment, Nutritional Risk Screening 2002, and
Malnutrition Universal Screening Tool and so on.3 The different nutrition assessments lead to the different judging standards for malnutrition, and the process of nutrition assessment is complicated, so
nutrition assessments are still difficult to carried out in general
elderly population. More convenient and faster routine blood markers
are widely used to predict the presence of malnutrition in clinical
practice. Recently, a meta-analysis summarized malnutrition-related
blood biomarkers and further assessed them against nutrition
screening tools, the results showed hemoglobin (Hb), albumin (ALB),
total cholesterol (TC) were the most common and valuable biomarkers for potential malnutrition risk, even under chronic inflammatory state.4
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Malnutrition have negative effects on organs and systems of
human and strongly associate with health and illness outcomes.5
Malnutrition lead to a poor quality of prognosis and increased
mortality in patients with cardiovascular disease, including heart
failure,6 stable coronary artery disease (CAD),7 acute coronary syndrome,8 peripheral arterial disease,9 but most of researches focused
on the relationship between protein malnutrition and prognosis in
cardiovascular disease. CAD is one of the commonest illness in older
people, which would risk the health and life of older people. Therefore, preventing CAD of older people have received more and more
attention worldwide.
But few studies have investigated the relationship between potential malnutrition risk and the incidence of CAD, especially in older
people. In order to evaluate whether potential malnutrition risk is
associated with CAD in older people, we survey the relationships
between Hb, ALB and TC as potential malnutrition risk biomarkers
and the incidence of CAD in older people (³ 80 years). The results of
study will confirm the impact of potential malnutrition risk biomarkers on CAD in general elderly population.

2. Methods
A total of 14414 consecutive individuals took annual physical
examination were investigated at the first affiliated hospital of China
Medical University from June 2014 to July 2017. Individuals who
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were aged 80 or older were enrolled. Individuals were excluded if
they had known malignancy; immune system disease; acute comorbidity such as acute stroke, sepsis and infection; known chronic
inflammatory disease; hepatic cirrhosis; stage V chronic kidney
disease; trauma/burns/post-surgery within a year, or incomplete
data. Finally 1007 individuals were enrolled in the study. The study
was approved by the ethics committee of the First Affiliated Hospital
of China Medical University.
The demographic characteristics, disease histories and drugtaking histories of all individuals were investigated by experienced
and trained clinicians. Height and body weight were measured, body
mass index (BMI) was calculated by dividing weight in kiograms by
height in meters squared. Smoking, hypertension, diabetes mellitus,
stroke and CAD were defined as described previously.10
Blood biochemical markers such as low density lipoprotein cholesterol (LDL-C), high density lipoprotein cholesterol (HDL-C), triglyceride (TG), TC, fasting plasma glucose (FPG), ALB and Hb were
measured by standard methods and fasting time should be longer
than 12 hours. Then all results of blood biochemical markers were
recorded. Individuals were divided into two groups based on the
median levels of Hb, ALB or TC respectively.
The baseline characteristics, the incidences of CAD were compared. The levels of Hb, ALB and TC were compared in CAD and
non-CAD group respectively. Continuous datas were expressed as
mean ± standard deviation and compared by Student t test, categorical datas were expressed as percentage and compared by chisquare test. The relationships between Hb, ALB or TC and CAD were
assessed by univariate and multivariate logistic regression analyses.
Furthermore, three models were used to further evaluate the associations between Hb, ALB or TC and CAD. All datas were analysed by
SPSS 21.0. P(2-tailed) < 0.05 was considered statistical difference.

3. Results
3.1. Baseline characteristics
A total of 1007 individuals with ³ 80 years old were enrolled in
this study. The average age was 84.95 ± 2.99 years, 79.1 percent of
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individuals were men. The median Hb level was 139 g/l, 513 individuals had Hb £ 139 g/l, and 494 individuals had Hb > 139 g/l. The
median ALB level was 41.6 g/l, 519 individuals had ALB £ 41.6 g/l,
and 488 individuals had ALB > 41.6 g/l. The median TC level was 4.76
mmol/l, 510 individuals had TC £ 4.76 mmol/l, and 497 individuals
had TC > 4.76 mmol/l.
The general characteristics, histories of disease, laboratory findings and histories of medication were summarized in Table 1. Age
and the level of HDL were significantly higher in Hb £ 139 g/l than Hb
> 139 g/l group (both p < 0.001); the levels of ALB, Hb, BMI and the
prevalences of male, smoker, stroke were significantly lower in Hb £
139 g/l than Hb > 139 g/l group (all p < 0.05). Age was significantly
higher in ALB £ 41.6 g/l than ALB > 41.6 g/l group (85.23 ± 3.04 years
vs. 84.66 ± 2.92 years, p = 0.002); the levels of TG, FPG, ALB, Hb and
the prevalences of DM, HBP, statins, ACEI/ARB, antihyperglycemic/
insulin were significantly lower in ALB £ 41.6 g/l than ALB > 41.6 g/l
group (all p < 0.05). The levels of TC, TG, HDL and LDL were significantly lower in TC £ 4.76 mmol/l than TC > 4.76 mmol/l group (all p <
0.001); the prevalences of male, HBP, antiplatelet drugs, statins,
ACEI/ARB, antihyperglycemic/insulin were significantly higher in TC
£ 4.76 mmol/l than TC > 4.76 mmol/l group (all p < 0.05).

3.2. The levels of Hb, ALB, TC and CAD
The incidence of CAD was depicted in Figure 1. The incidence of
CAD was significantly higher in Hb £ 139 g/l than Hb > 139 g/l group
(33.1% vs. 27.3%, p = 0.045). There was not statistical significance in
CAD rate between the ALB £ 41.6 g/l and ALB > 41.6 g/l group (28.1%
vs. 32.6%, p = 0.124). The significantly higher incidence of CAD was in
TC £ 4.76 mmol/l than TC > 4.76 mmol/l group (36.7% vs. 23.7%, p <
0.001).
In order to further analyse the relationships between Hb, ALB or
TC and CAD, all individuals were divided into CAD (n = 305) and
non-CAD (n = 702) groups. The results found the levels of Hb and TC
were siginificantly lower in CAD than non-CAD group (Hb: 136.92 ±
15.54 g/l vs. 140.08 ± 15.28 g/l, p = 0.003; TC: 4.53 ± 1.04 mmol/l vs.
4.90 ± 0.94 mmol/l, p < 0.001). The level of ALB was no significant
difference between CAD and non-CAD group (41.58 ± 2.75 g/l vs.

Table 1
Baseline characteristics.
Variables

Total
Hb £ 139 g/l
Hb > 139 g/l
ALB £ 41.6g/l
ALB > 41.6 g/l TC £ 4.76 mmol/l TC > 4.76 mmol/l
N = 1007
N = 513
N = 494
N = 519
N = 488
N = 510
N = 497
84.95 ± 2.99
85.35 ± 3.05
84.54 ± 2.88*
85.23 ± 3.04
*84.66 ± 2.92*
84.86 ± 3.10
85.04 ± 2.88
797 (79.1)
335 (65.3)
462 (93.5)*
410 (79)
387 (79.3)
446 (87.5)
*351 (70.6)*
24.04 ± 3.52
23.77 ± 3.92
24.28 ± 3.03*
24.05 ± 3.89
23.99 ± 3.09
24.14 ± 3.40
23.90 ± 3.64
66 (6.6)
23 (4.5)
43 (8.7)*
41 (7.9)
25 (5.1)*
38 (7.5)
28 (5.6)
587 (58.3)
300 (58.5)
287 (58.1)
281 (54.1)
306 (62.7)*
313 (61.4)
*274 (55.1)*
240 (23.8)
132 (25.7)
108 (21.9)
101 (19.5)
139 (28.5)*
132 (25.9)
108 (21.7)
26 (2.6)
08 (1.6)
18 (3.6)*
15 (2.9)
11 (2.3)*
16 (3.1)
10 (2.0)
2.98 ± 0.85
2.97 ± 0.88
2.99 ± 0.83
2.96 ± 0.88
2.99 ± 0.83
2.36 ± 0.52
*3.61 ± 0.65*
1.32 ± 0.35
1.38 ± 0.37
*1.26 ± 0.32*
1.31 ± 0.36
1.43 ± 0.35
1.23 ± 0.31
*1.42 ± 0.37*
1.37 ± 0.76
1.30 ± 0.74
1.45 ± 0.77
1.27 ± 0.71
*1.48 ± 0.79*
1.23 ± 0.66
*1.52 ± 0.82*
4.78 ± 0.99
4.80 ± 1.03
4.78 ± 0.95
4.74 ± 1.02
4.84 ± 0.96
4.02 ± 0.54
*5.58 ± 0.67*
5.96 ± 1.64
5.69 ± 1.32
*6.06 ± 1.57*
5.84 ± 1.28
5.89 ± 1.62
5.87 ± 1.46
5.78 ± 1.27
41.50 ± 2.720
40.86 ± 2.820
42.18 ± 2.44*
39.46 ± 1.880
43.69 ± 1.52*
41.37 ± 2.700
41.64 ± 2.750
139.13 ± 15.420 127.63 ± 11.180 151.06 ± 8.67*0 136.02 ± 15.870 142.43 ± 14.21* 138.88 ± 14.900 139.38 ± 15.950

Age (y)
Male (%)
2
BMI, kg/m
Smoker (%)
Hypertension (%)
DM (%)
Stroke (%)
LDL-C (mmol/l)
HDL-C (mmol/l)
TG (mmol/l)
TC (mmol/l)
FPG (mmol/l)
ALB (g/l)
Hb (g/l)
History of medication (%)
Antiplatelet drug
66 (6.6)
31 (6.0)
35 (7.1)
29 (5.6)
37 (7.6)
45 (8.8)
21 (4.2)*
Statins
73 (7.2)
39 (7.6)
34 (6.9)
29 (5.6)
*44 (9.0)*
052 (10.2)
21 (4.2)*
Beta blocker
57 (5.7)
28 (5.5)
29 (5.9)
25 (4.8)
32 (6.6)
35 (6.9)
22 (4.4)*
ACEI/ARB
208 (20.7)
100 (19.5)
108 (21.9)
090 (17.3)
*118 (24.2)*
125 (24.5)
083 (16.7)*
Antihyperglycemic/insulin
144 (14.3)
076 (14.8)
068 (13.8)
056 (10.8)
*88 (18)*
087 (17.1)
057 (11.5)*
* The two groups (Hb £ 139 g/l vs. Hb > 139 g/l, ALB £ 41.6 g/l vs. ALB > 41.6 g/l or TC £ 4.76 mmol/l vs. TC > 4.76mmol/l) were significantly different (p < 0.05).
BMI, body mass index; DM, diabetes mellitus; LDL-C, low density lipoprotein cholesterol; HDL-C, high density lipoprotein cholesterol; TG, triglyceride; TC,
total cholesterol; FPG, fasting plasma glucose; Hb, hemoglobin; ALB, albumin; ACEI/ARB, angiotensin-converting enzyme inhibitor/angiotensin receptor
blocker.
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41.47 ± 2.71 g/l, p = 0.569) (as shown in Figure 2).
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In our research, three models were used to evaluate the associations between Hb, ALB and TC as biomarkers of malnutrition
risk and CAD in aged individuals (details seen in Table 2). Model 1

was univariate analysis. Model 2 adjusted for age and sex. Model 3
further adjusted for age, sex, BMI, smoker, hypertension, diabetes,
stroke, LDL-C, HDL-C, TG, TC, FPG, Hb, ALB, antiplatelet drugs, statins,
beta blocker, ACEI/ARB, antihyperglycemic/insulin. In model 1 and
model 2, Hb and TC were the significant protective factors for CAD in
individuals with ³ 80 years old (all p < 0.05). After adjusting for
potential confounding factors in Model 3, Hb was only protective

Figure 1. The incidence of CAD in different groups. A. The incidence of CAD
in Hb £ 139 g/l and Hb > 139 g/L group. H Indicates Hb £ 139 g/l vs. Hb > 139
g/L (33.1% vs. 27.3%, p = 0.045). B. The incidence of CAD in ALB £ 41.6 g/l and
ALB > 41.6 g/L groups. ALB £ 41.6 g/l vs. ALB > 41.6 g/L (28.1% vs. 32.6%, p =
0.124). C. The incidence of CAD in TC £ 4.76 mmol/l and TC > 4.76 mmol/l
groups. H Indicates TC £ 4.76 mmol/l and TC > 4.76 mmol/l (36.7% vs. 23.7%,
p < 0.001).

Figure 2. The levels of Hb, ALB and TC in CAD and non-CAD groups. A. The
level of Hb in CAD and non-CAD group. H Indicates CAD vs. and non-CAD
(136.92 ± 15.54 g/l vs. 140.08 ± 15.28 g/l, p = 0.003). B. The level of ALB in CAD
and non-CAD group. CAD vs. and non-CAD (41.58 ± 2.75 g/l vs. 41.47 ± 2.71
g/l, p = 0.569). C. The level of TC in CAD and non-CAD group. CAD vs. and
non-CAD (4.53 ± 1.04 mmol/l vs. 4.90 ± 0.94 mmol/l, p < 0.001).

3.3. Logistic regression analysis
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Table 2
The associations of Hb, ALB and TC with CAD in older people.
Model1
Hb
ALB
TC

Model 2

Model 3

HR

95% CI

p

HR

95% CI

p

HR

95% CI

p

0.987
1.015
0.672

(0.978–0.995)
(0.965–1.066)
(0.581–0.779)

0.003
0.569
< 0.001 <

0.990
1.021
0.628

(0.980–0.999)
(0.972–1.073)
(0.539–0.732)

0.028
0.409
< 0.001 <

0.988
1.022
1.073

(0.976–0.999)
(0.960–1.089)
(0.552–2.084)

0.048
0.496
0.835

Model 1: univariate analysis.
Model 2: Data adjusted for age, sex.
Model 3: Data adjusted for age, sex, BMI, body mass index; smoker, hypertension, DM, diabetes mellitus; stroke, LDL-C, low density lipoprotein cholesterol;
HDL-C, high density lipoprotein cholesterol; TG, triglyceride; TC, total cholesterol; FPG, fasting plasma glucose; Hb, hemoglobin; ALB, albumin; antiplatelet
drugs, statins, beta blocker, ACEI/ARB, angiotensin-converting enzyme inhibitor/angiotensin receptor blocker; antihyperglycemic/insulin.

factor for CAD in individuals with ³ 80 years old (p < 0.05).

4. Discussion
The present study was a cross-sectional survey in older individuals (³ 80 years), the purpose of study was to assess the relationships between potential malnutrition risk biomarkers and CAD.
The results found the incidences of CAD were siginificantly higher in
lower levels of Hb and TC than the higher levels of Hb and TC, respectively. The levels of Hb and TC were siginificantly lower in individuals with CAD than non-CAD. The level of ALB was not significantly associated with the incidence of CAD. Further, multivariate
analysis showed Hb as a biomarker of malnutrition risk was the only
independent predictor of the occurrence of CAD, but ALB and TC
were not. In short, the novel finding was that Hb as the malnutrition
risk biomarker was the independent protective factor for CAD in
older individuals with ³ 80 years old.
Anemia is considered as the marker of malnutrition in the elderly.11 Anemia in adult is Hb < 130 g/L in men and 120 g/L in
women.12 Hb < 120 g/L in men and 115 g/L in women is considered
as anemia in older people (> 70 years).13 A research found that
anemia increased the presence of malnutrition and the risk of
malnutrition, malnutrition lead to decrease albumin synthesis in the
liver and serum proteins such as hemoglobin, and malnutrition with
insuffificient erythropoiesis may cause anemia.14 Anemia is associated with cardiovascular complications and mortality.15,16 Some
studies have found that increasing Hb level was able to improve patients’ cardiac function, left ventricular hypertrophy and quality of
life.17 But most of those studies were carried out from the relationship between anemia and the prognosis of cardiovascular disease,
that very little research work has been done on the relationship the
level of Hb and CAD, particularly in the elderly. In the study, the participants were the general elderly population (age ³ 80 years and
average Hb: 139.13 ± 15.42 g/L), the vast majority of them did not
meet the definition of having anemia, so our study evaluated the relationship between the level of Hb and CAD in general elderly population. The low level of Hb predict malnutrition risk, and Hb is
relatively stable and insensitive to acute and chronic disease stress.4
The results showed that individuals with lower level of Hb had significantly higher incidence of CAD, and further analysis found that
only Hb was the independent protective factor for CAD in older
individuals. The lower level of Hb as biomarker of malnutrition risk
is a new target for prevention of CAD in general elderly population.
The underlying mechanism may be the low level of Hb is a risk factor for myocardial ischemia, and associate with other CAD risk factor
such as inflammation,18 but the exact mechanisms are unclear.
Numerous studies have found that the closely association of
low ALB level and adverse cardiovascular outcomes in patients with
stable coronary heart disease,7 acute myocardial infarction,19 per-

cutaneous coronary intervention20 and heart failure.21 Low ALB level
may have potential to reduce inhibition of platelet aggregation and
attenuate fibrinolysis, and increase blood viscosity, disrupt endothelial functions, and decrease antioxidant capacity.22 ALB as a negative-phase protein decreases in response to inflammation in acute
disease and chronic disease with inflammatory process.23 All the
above-mentioned factors may increase the risk of atherothrombosis,
leading to adverse cardiovascular outcome. Our study excluded
some diseases which might induce hypoproteinemia, including acute
or chronic inflammation, hepatic and renal dysfunction and so on.
The average value of ALB was 41.50 ± 2.72 g/l in our study. Coincidently, a study showed the ALB value was above 38 g/l in healthy
elder people until the age over 90 years.24 ALB could be a good
biomarker of nutritional situation in general elderly population,25 so
we think that the level of ALB should be a ture reflection of nutritional status in our study. To data, the research of the association
ALB with the incidence of CAD in the general older population is less,
especially in those greater than age 80 who had a higher incidence of
CAD. Our study found the level of ALB was not significantly associated with the incidence of CAD in the general elderly population.
Our result was consistent with prior study in which the olderly population (aged 65–74 years) was enrolled,26 but our study population was more older. In the Framingham Offspring study, the level of
ALB could predict the risk of myocardial infarction.27 The study population and the level of ALB were different in different researches. Our
results represented the relatively healthy older individuals with
aged 80 or older, in which the ALB as a biomarker of malnutrition
risk did not predict the incidence of CAD.
It is well known that the higher level of TC is closely associated
with cardiovascular disease and mortality in middle-aged people.28
But a research showed that the higher TC level no significant association with CAD in individuals with an average age of 79 years.29
A meta analysis suggested that a lower TC concentration of 1 mmol/L
was associated with a lower risk CAD mortality in older individuals.30
And older individuals with TC ³ 6.2 mmol/l were significantly associated with higher CAD mortality.31 Most of the previous studies
assessed the relationship TC and long-term prognosis. Our results
found the low level of TC was closely associated with the higher
incidence of CAD, the negative correlation between TC and the
incidence of CAD in older population was consistent with the negative relationship between TC and mortality in previous research.30
In our study, the average value of TC was 4.78 ± 0.99 mmol/l in the
relatively healthy elderly population, TC cutoff of 4.76 mmol/l as a
dividing line, the TC level was still in the normal range which may
partly explain why our results is different from previous study.28
With increasing age, the level of TC is trending downward.32 In the
elderly population, TC could be considered as marker of frailty and
malnutrition.4,33 Studies have already found age may attenuate the
relative impact of TC on cardiovascular disease, the low level of TC

264

has been associated with an increased risk of mortality in elderly
people.33 The relationship may be partly explained by frailty and
malnutrition. In the study, TC was not an independence protective
factor for CAD after adjusting for these recognized risk factors.
Our study has some limitations, the results are limited to older
Chinese adults and may not be generalizable to other ethnic and age
groups cohorts. In the real word, older men tend to be more healthconscious than older women in the northern regions of China, so
men in a greater proportion than women in the physical older population of the study, which may influence the result. The study
was a cross-sectional observational research, we did not assess longitudinal relationships between biomarkers of malnutrition risk and
CAD, and not further evaluate treatment benefits from improving
potential malnutrition risk on the prevention and treatment of CAD
in the elderly. Further large-scale longitudinal and interventional
studies are needed to verified our finding. Despite the limitations,
the associations of malnutrition risk biomarkers with CAD in the
general elderly population have an important clinical significance to
help us to understand the role of malnutrition risk in CAD.
In the study, we assessed the associations of Hb, ALB and TC as
biomarkers of malnutrition risk with the incidence of CAD in the general elderly population (³ 80 years). The unadjusted results showed
the lower levels of Hb and TC had the higher incidence of CAD, only
Hb was a significant protective factor for CAD after adjusting for
these recognized risk factors in older individuals, but ALB and TC
were not. The finding suggested that malnutrition risk may participate in the development of CAD in elderly, which could provide
novel therapeutic strategies to treat and prevent CAD in older adults.
But targeted therapy, such as nutritional intervention and administration should be futher researched in older individuals.
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