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Abstract
Background
Trace element deficiency is most commonly a result of long-term intravenous 
nutrition; however, it can also develop on rare occasions in people who are 
fed orally. The present study aimed to investigate the development of copper-
deficiency anemia in older patients who were provided with dysphagia diets 
because of swallowing disorders. 
Methods
The study included 34 patients who were provided with dysphagia diet A for 
at least three months at Higashiyama Sanatorium for the Elderly in Kyoto, 
Japan. 
Results
Six patients had hemoglobin levels below 10.0 g/dL before being placed on 
a dysphagia diet; however, this number increased to 17 during this study. 
Univariate analysis showed the factors associated with anemia onset to be 
serum copper level and dysphagia diet administration duration, whereas 
multivariate analysis showed only serum copper level to be significant. 
Receiver operating characteristic analysis showed the serum copper 
level cut-off value to be 13 μg/dL with respect to development of anemia 
(sensitivity: 100%; specificity: 59%). In addition, oral copper supplementation 
for two months improved anemia in all 15 cases who were followed up. 
Conclusions
Patients receiving dysphagia diet are at risk of developing copper deficiency 
anemia. Copper supplementation is recommended for all older patients being 
prescribed this type of diet, and special attention is required in this respect.
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Introduction
It is not uncommon for swallowing function to 
deteriorate due to causes such as old age, dementia, 
and cerebrovascular disease sequelae.1,2 Changing 
the consistency of food making them safer to 
swallow, such as introducing easy-to-swallow 
food, termed dysphagia diet, are recommended 
for such patients, in order to prevent aspiration.3,4 
Dysphagia diet is a general term for food that has 
been developed with priority given to its physical 
properties and shape, making them safer to swallow 
for patients with swallowing disorders.3-5

With the aging society, the numbers of patients 
undergoing long-term intravenous nutrition or tube 
feeding due to difficulties with oral nutrition have 
increased in recent years.1-4 In connection with these 
methods of nutritional support, there has been a rise 
in the number of reports concerning deficiencies 
in trace elements such as zinc and copper, which 
were previously considered to be uncommon.6-8 In 
recent years, however, progress has been made with 
development of tube-feeding nutritional supplements 
that are fortified with trace elements.6-8

Copper plays important roles in bone and connective 
tissue metabolism, hematopoiesis, antioxidant action 
and neurological function, being an essential trace 
element for the human body.9-11 Copper a one of 
trace elements and present in various foods such as 
shellfish, crustaceans, animal liver, and beans.12 Its 
deficiency is very rare among people who are able 
to eat orally, and so it was previously known as a 
condition involving anemia, leukopenia, and bone 
malformation, observed in those with digestive tract 
nutrition absorption disorders, those with Menkes 
syndrome, which is a congenital copper absorption 
disorder, and infants with low birth weight and/or 
poor nutritional status.13,14 The adult human body 
contains approximately 80 mg of copper, of which 
approximately 50% is in the muscles and bone, and 
approximately 10% in the liver. Excessive levels 
of intracellular copper lead to toxicity, and copper 
homeostasis is therefore maintained rigorously by 
regulating absorption and excretion.15,16 In terms 
of the biological functions of copper in the human 
body, it binds to the active centers of approximately 
ten types of enzymes, and this is connected with 

energy generation, iron metabolism, extracellular 
matrix maturation, neurotransmitter production, and 
active oxygen elimination.17,18

Copper deficiency leads to iron-independent anemia 
and neutropenia, and in severe cases, it can lead 
to heart failure.9-11 Therefore, improvements in 
knowledge as well as awareness about prophylaxis, 
diagnosis, and treatment are essential. There has 
been a considerable number of reports of copper 
deficiency due to intravenous nutrition with high-
calorie infusions, and tube feeding with low copper 
content19-21; however, it is essential to recognize 
that, depending on the diet contents, there is also 
a risk of this condition in people who mainly take 
dysphagia diet.

Dysphagia diet A was used to prevent aspiration 
and ensure caloric intake at this hospital for patients 
with swallowing disorders. A number of patients who 
were provided with this dysphagia diet developed 
severe anemia, and so the potential causes of this 
disorder were analyzed, and anemia alleviation 
was demonstrated. It is hoped that this report will 
contribute to a deeper understanding of copper-
deficiency anemia in older patients with swallowing 
disorders We report cases of copper deficiency 
anemia with patients receiving dysphagia diet A, 
because there was only one previous case report 
in Japanese.22

Materials and Methods
Subject Population
The study included 34 patients provided with 
dysphagia diet A as staple food continuously for 
at least three months from November 2014 at 
Higashiyama Sanatorium for the Elderly in Kyoto. 
Depending on the amount required for each 
patient, four or five packets of this dysphagia diet 
was provided per day to ensure caloric intake,. The 
nutritional component of dysphagia diet A is shown 
in Table 1. Patients who had been concomitantly 
provided with two or more types of dysphagia diet 
were excluded. None of the subjects were found 
to have underlying conditions that could lead to 
copper absorption disorders, such as gastrectomy 
or excessive zinc intake. A flow diagram to show the 
process of analysis is shown in Fig. 1.
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Table 1: Nutrition information of Dysphagia Diet A and Japanese 
Recommended Nutrient Intake (RNI)

 Dysphagia Diet A Japanese Percentage
   RNI of RNI

 1 Pack 5 Pack  (woman 70 y.o. or older)
  (1Day)

Mass [g] 220 1100  
Energy [kcal] 300 1500 1500 100
Protein [g] 11.2 56 50 112
Lipid [g] 8.4 42 42 100
Carbohydrate [g] 45.5 227.5 216 105 
Water [g] 152.7 763.5 2400 32 
Sodium [mg] 150 750 600 125
Mineral 
Potassium [mg] 420 2100 2000 105
Chlorine [mg] 300 1500 600 250
Calcium [mg] 300 1500 500 300
Magnesium [mg] 30 150 220 68 
Phosphorus [mg] 240 1200 800 150
Iron [mg] 3.0  15 5.0  300
Zinc [mg] 1.2 6.0  6.0  100
Copper [mg] 0.03 0.15 0.6 25
Manganese [mg] 0.02 0.1 3.5 2.9 
Vitamin 
Vitamin D [μg] 0.9 4.5 5.5 82 
Vitamin E [mg] 3.4 17 6 283 
Vitamin B1 [mg] 0.36 1.8 0.8 225
Vitamin B2 [mg] 0.4 2.0  0.9 222 
Niacin [mg] 5.4 27 8.0  338 
Vitamin B6 [mg] 0.54 2.7 1.0  270
Vitamin B12 [μg] 0.8 4.0  2.0  200
Folate [μg] 66 330 200 165
Pantothenic acid [mg] 1.6 8.0  5.0  160
Vitamin C [mg] 34 170 85 200

Informed consent was obtained from each participant. 
This study was performed in accordance with the 
ethical guidelines for epidemiological research in 
Japan and was approved by the Ethics Committee 
of the Meisei Hospital (approval code: E2019003). 
All procedures performed in studies involving 
human participants were in accordance with the 
ethical standards of the institutional and/or national 
research committee and with the 1964 Helsinki 
declaration and its later amendments or comparable 
ethical standards.

Clinical Factors
The following anemia-related factors were analyzed; 
age, sex, duration the patient received type A 
dysphagia diet as patient demographic factors; 
complete blood cell count and leukocyte fractions as 
hematological factors; and blood chemistry factors 
such as serum iron, total iron-binding capacity, 
unsaturated iron-binding capacity, ferritin, vitamin 
B12, folic acid, serum copper.23
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Fig.1: Flow diagram showing the process for 
analysis in this study

Definition of anemia
According to the WHO, the definition of moderate 
and severe anemia are as detailed below.24 Anemia 
is defined as hemoglobin levels <12.0 g/dL in women 
and <13.0 g/dL in men. In this study, patients were 
considered to be anemic if they had moderate or 
severe anemia.

Moderate Anemia
Hemoglobin levels 60 to 80% of the standard value.

Severe Anemia
Hemoglobin levels less than 60% of the standard 
value.

Copper Supplementation
As diagnostic treatment, dietary supplement B 
containing 0.9 mg of copper per pack (Table 2) 
was administered for 34 patients who had been 
provided with dysphagia diet A. Because of the 
marked decrease in serum copper level, one or two 
packs per day were additionally administered. For 
15 anemia patients for whom longitudinal follow-up 
was possible, hematology tests were conducted 
over two months from initiation of type B dietary 
supplementation. In addition, a comparison was 

made between five patients whose hemoglobin 
levels decreased by 50% or more within two years 
after initiation of dysphagia diet A and ten patients 
whose hemoglobin levels decreased by less than 
50%.

Table 2: Nutrition information of 
Dietary Supplement B

 Dietary Supplement
 B

Mass [g] 66
Energy [kcal] 80
Protein [g] 4
Lipid [g] 1.2
Carbohydrate [g] 13.3-13.7
Water [g] 46
Sodium [mg] 60
Mineral 
Potassium [mg] 7
Calcium [mg] 200
Magnesium [mg] 2
Phosphorus [mg] 200
Iron [mg] 7
Zinc [mg] 7
Copper [mg] 0.9
Vitamin 
Vitamin D [μg] 12.5
Niacin [mg] 1.2
Vitamin B12 [μg] 0.15-0.66

Statistical Analysis
The results of each test were expressed as number 
(%) for categorical data and mean (±SD) for 
continuous data. Univariate analyses of categorical 
variables and continuous variables were performed 
using Fisher’s exact test and the Wilcoxon rank-
sum test for comparing the anemic and non-anemic 
groups of subjects. For multivariate analysis, 
factors relating to anemia were selected based 
on the univariate analysis, and logistic regression 
analysis was performed. For single subjects, paired 
t-tests were used for continuous variables and 
longitudinal changes, with the significance level set at  
P<0.05 in each analysis. The serum copper cut-off 
value for anemia onset, sensitivity, and specificity 
were calculated on the basis of receiver operating 
characteristic (ROC) analysis. 
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Results
A total of 34 patients who were provided with 
dysphagia diet A were included for analysis. 17 
patients (2 males and 15 females) had anemia, and 
the mean age was 87.4 years. The other 17 patients 
(4 males and 13 females) had not become anemic, 
and the mean age was 87.6 years.

Time Course of Hemoglobin Concentrations 
After Initiation of Dysphagia Diet 
The relationship between the duration of dysphagia 
diet administration and rate of hemoglobin change 
is shown in Fig. 2. The hemoglobin level tended to 
decrease after the initiation of dysphagia diet and 
continued to decline afterwards. In three cases  , the 

decrease after several months of administration was 
50% or greater.

Comparison of Clinical Factors and Univariate 
Analysis Between Anemic and Non-Anemic 
Groups
The comparison of patient factors and hematological 
data between the anemic and non-anemic groups, 
as well as the results of univariate analysis, are 
shown in Table 3. No significant differences in the 
patient factors of age and sex were found between 
the anemic and non-anemic groups, but the patients 
in the anemic group tended to be on the dysphagia 
diet for longer (P = 0.036).

Fig. 2: Dysphagia diet A administration durations and hemoglobin change rates
The rates of change from the hemoglobin levels measured immediately before initiation of 

dysphagia diet A provision are plotted against the administration durations for each patient

Table 3: Clinical characteristics of the anemic and non-anemic 
groups and results of univariate analysis

Variables Normal Range:  Anemia(-) Anemia(+) P Value
 Female (Male) (n = 17)  (n = 17)

Age (years), mean (range)  87.6 (77-100) 87.4 (79-96) 
Sex (Male/Female)  4/13 2/15 0.66
Feeding Period [days](mean ± SD) 340 ± 275 548 ± 314 0.036
CBC (mean ± SD)      
WBC [102/μL] 35-91(39-98) 53.6 ± 17.0 ↓24.2 ± 9.6 < 0.0001
Hb [g/dL] 11.3-15.2 (13.5-17.6) 11.7 ± 1.1 ↓6.45 ± 2.3 < 0.0001
Ht [%] 33.4-44.9 (39.8-51.8) 35.2 ± 3.4 ↓19.7 ± 6.4 < 0.0001
MCV [fL] 79.0-100.0 (82.7-101.6) 94.0 ± 7.9 ↑106.7 ± 13.9 0.003
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MCH [pg] 26.3-34.3 (28.0-34.6) 31.2 ± 2.8 34.3 ± 3.8 
MCHC [%] 30.7-36.6 (31.6-36.6) 33.1 ± 1.2 32.2 ± 1.5 
Platelet [104/μL] 13.0-36.9 (13.1-36.2) 25.1 ± 7.0 19.7 ± 7.7 
differential WBC count (mean ± SD)     
Neutrophil [%] 44.0-72.0 53.9 ± 18.3 ↓33.9 ± 14.8 0.002
Eosinophil [%] 0.0-10.0 4.3 ± 4.3 5.7 ± 4.8 
Basophil [%] 0.0-3.0 0.5 ± 0.4 0.7 ± 0.5 
Lymphocyte [%] 18.0-59.0 31.7 ± 14.9 43.1 ± 13.1 
Monocyte [%] 0.0-12.0 9.6 ± 4.2 ↑16.7 ± 6.3 0.001
Biochemical test (mean ± SD)   
serum iron [μg/dL] 48-170 (58-188) 66.5 ± 30.1 53 ± 37.7 0.095
TIBC [μg/dL] 235-432 (245-402) 289 ± 45 245 ± 63 
UIBC [μg/dL] 108-316 (104-295) 222 ± 59 191 ± 61 
ferritin [ng/mL] 5-152 (13-277) ↑237 ± 144 ↑634 ± 465 0.006
vitamin B12 [pg/mL] 233-914 665 ± 198 647 ± 224 0.21
folic acid [ng/mL] 2.4-9.8 ↑25.4 ± 7.0 ↑23.7 ± 9.5 0.25
serum copper [μg/dL] 78-131 ↓20.2 ± 18.4 ↓6.1 ± 2.1 0.0005

SD, standard deviation; WBC, white blood cell; MCV, mean corpuscular volume; MCH, mean cell hemoglobin; 
MCHC, mean corpuscular hemoglobin concentration, TIBC, total iron binding capacity; UIBC, unsaturated 
iron binding capacity

The anemia tended to be macrocytic (15 patients) 
and normochromic (2 patients) and was associated 
with decrease in the number of leukocytes, especially 
neutrophils. No tendencies toward iron, vitamin 
B12, or folic acid deficiencies were found, with the 
serum levels of these substances remaining within 
or above the normal ranges, and with no significant 
differences between the anemic and non-anemic 
groups. The ferritin levels were markedly higher in 
the anemic group (P = 0.006). Serum copper levels 
were markedly below the normal ranges in both 
groups; however, the values were especially low in 
the anemic group, which were found to be statistically 
significant compared to those in the non-anemic 
group (P = 0.0005).

Multivariate Analysis of Clinical Factors Between 
Anemic and Non-Anemic groups
Multivariate analysis was performed with serum iron, 
vitamin B12, folic acid, and copper levels, which are 
linked to anemia onset, and also with duration of 
administration, for which univariate analysis showed 
a significant difference between the anemic and non-
anemic groups (Table 4). Serum copper level was 
the only variable that showed a significant difference 
between the anemic and non-anemic groups, for 
which the odds ratio was 0.74 (95% Confidence 
Interval of 0.45 to 0.97, P = 0.014). 

Table 4: Results of multivariate analysis of 
patient factors and hematological 

data relating to anemia

Variables Odds 95% Confidence P
 ratio Interval Value

Feeding Period 1 1.00-1.01 0.13
serum iron 1 0.97-1.03 0.9
vitamin B12 1 0.99-1.00 0.51
folic acid  0.98 0.83-1.15 0.77
serum copper 0.74 0.45-0.97 0.014

Serum Copper Cut-Off Value for Anemia Onset
The area under the ROC was 0.85 (Fig. 3), and with 
serum copper level below 13 μg/dL, the sensitivity 
was 100%, and the specificity was 59%. 

Time Course of Hematology Data After Oral 
Copper Supplementation
Significant improvements were found, with the 
hemoglobin level increasing from 6.29±2.22 
to 9.95±1.71 g/dL (P<0.0001). With respect to 
leukocyte count and serum copper level, significant 
improvements were also found to within normal 
ranges, with the leukocyte count increasing from 
22.3±9.1 to 59.5±18.2 102 /μL (P<0.0001), and 
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serum copper level increasing from 6.1± 2.2 to  
103.4±31.3 μg/dL (P<0.0001). 

In addition, our findings suggest that five patients 
who showed rapid hemoglobin decreases by 
50% or more within two years after initiation of 

dysphagia diet provision also showed higher 
increase rates for hemoglobin after two months 
of copper supplementation, compared to the ten 
patients who showed slower anemia progression  
(134± 92% vs. 51 ± 46%; P=0.055).

Fig. 3: Calculation by ROC analysis of serum copper level cut-off value in relation to anemia 
onset. AUROC: area under the curve of the receiver operating characteristic

Discussion 
Patients receiving some kind of dysphagia diet 
are at risk of developing copper deficiency. It is 
necessary to pay attention to the intake of copper 
for older patients receiving those dysphagia diet 
as staple food. According to Dietary Reference 
Intakes for Japanese, the estimated mean daily 
copper requirements for Japanese people aged 70 
years or older are 0.7 and 0.6 mg for males and 
females, respectively.25 With respect to dysphagia 
diets, formulations are classified as either foods or 
pharmaceuticals, and vary considerably in trace 
element content.26,27 For example, the copper 
content of dysphagia diet A is 0.03 mg per pack. In 
Japan, dysphagia diet is provided for older patients 
who cannot eat normal meals in order to prevent 
aspiration, ensure caloric intake and restore or 
maintain pleasure of eating. Additionally, most 
Japanese older patients are physically small and their 
necessary calorie intakes are low, so they can live for 
many years on dysphagia diet alone. The subjects of 
the present study had impaired swallowing function, 

and their diets therefore consisted primarily of 
dysphagia diet A, which can more safely be taken 
orally compared to normal food. However, our results 
demonstrate that dysphagia diet A resulted in copper 
deficiency. At this hospital, body weight changes are 
monitored as indices of nutritional status; however, 
no body weight decreases were found after initiation 
of dysphagia diet A provision; therefore, nutrient 
intake was considered to be favorable, which resulted 
in their diets consisting mainly of dysphagia diet A for 
extended periods. It is therefore recommended that 
monitoring of nutrient intake should include periodic 
reassessment of each type of nutrient, in addition 
to total calories.

The normal range for serum copper level is 80 to 
130 μg/dL, and anemia does not develop until the 
copper level is very low; however, it is thought that 
once anemia has developed, the hemoglobin level 
decreases rapidly.9,10,21 In this study, the serum 
copper levels in patients with long-term dysphagia 
diet A provision had in all cases decreased below 
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the normal range, and, in particular, in cases who 
developed anemia, it decreased to approximately 
10 μg/dL. Multivariate analysis of clinical factors 
between anemic and non-anemic groups showed 
that serum copper level was the only variable that 
showed a significant difference. Based on this 
finding, the possible cause of anemia associated with 
dysphagia diet provision could be copper deficiency. 
In addition, multivariate analysis of the time from 
provision initiation until deficiency onset clearly 
showed that this was not an independent risk factor, 
suggesting that anemia can develop even with only a 
brief period of dysphagia diet administration. In this 
study, three cases showed higher decrease rates for 
hemoglobin after several months of administration, 
so it is recommended that attention and care are 
necessary regardless of the intake period.

Copper is an essential trace metal that is required for 
the catalysis of several important cellular enzymes. 
Humans express about a dozen cuproenzymes that 
require copper to function. Anemia is true for one of 
the most common clinical features, but the precise 
molecular mechanisms are unknown for most of 
the salient features of human copper deficiency.28,29 
Apart from anemia, no clear clinical findings 
suggesting copper deficiency have been observed 
in this study. The mechanisms of anemia onset from 
copper deficiency include the following, although 
numerous points remain to be elucidated.9-11,28,29

Iron transport Disorder 
Ceruloplasmin is decreased, leading to lower activity 
of ferroxidase, which binds iron to transferrin.

Heme Synthesis Disorder
The activity of the copper-containing enzyme 
cytochrome C oxidase is decreased, resulting in 
disorders of iron reduction.

Decreased Erythrocyte Life Span
The activity of the copper-containing enzyme 
superoxide dismutase is decreased, preventing 
removal of free radicals from the erythrocyte 
membrane.

The ferritin levels were markedly higher in the anemic 
group, suggesting disorders of iron utilization caused 
by copper deficiency. Individual differences in the 
activities of these enzymes may also affect the 

timing of anemia onset.9-11,28,29 It is necessary to bear 
in mind that, if certain symptoms such as primarily 
macrocytic anemia develop in patients provided with 
dysphagia diet for extended periods, they may have 
copper-deficiency anemia. 

In terms of hematological characteristics, copper-
deficiency anemia is macrocytic or normocytic, 
and normochromic, and is commonly associated 
with decreased leukocyte count but normal platelet 
count.9,10,21 In this study, this typical blood condition 
was observed in patients with anemic group. The 
syndromes that enable differential diagnosis of 
macrocytic anemia include megaloblastic anemia 
(anemia caused by vitamin B12 or folic acid 
deficiency), myelodysplastic syndrome, aplastic 
anemia, hypothyroidism-related anemia, liver-
disease-related anemia, hemolytic anemia, and 
anemia involving continuous hemorrhage.30,31 
Particularly in older people, numerous causative 
factors are involved, including drug-induced 
hematopoietic suppression, chronic wasting 
diseases such as latent malignancies and infections, 
and impaired renal function, making differential 
diagnosis of anemia difficult, and care is therefore 
needed in this respect.32,33

The current study has several limitations that must 
be acknowledged. Clinically, it is difficult to grasp 
the daily intake of the trace elements for every 
patient, because they can be taking small snacks 
sent by their families in between hospital meals. 
Biochemically, it is difficult to explain why anemia 
does not develop in all patients with low serum 
copper level. There could be a hereditary factor, but 
the details are unclear. Statistically, sample size of 
this study is small, so it is necessary to examine the 
generalizability of the finding of this study. From an 
ethical point of view, intervention study that puts a 
burden on older patients is difficult, and so studies 
that can utilize existing data is desirable. In Japan, 
it will become possible to link the anonymized 
national big data of medical and long-term care 
on an individual basis, and be made available for 
researchers to use and analyze.34 Studies using 
such a big data may be a future solution. In any 
case, further research is almost certainly necessary. 
As the advantage of this study, the results of analysis 
brought one change in the corporate stance that 
produces dysphagia diet A. At the time of our 
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investigation, the product catalog described the 
ingredients of dysphagia diet A as containing "a 
well-balanced mixture of vitamins and minerals", 
and there were no warnings about trace element 
deficiency as precautions for use. After we contacted 
the company responsible about the copper deficiency 
anemia that we observed, the content of the catalog 
was revised as "a well-balanced mixture of proteins, 
lipids and carbohydrates". Furthermore, it was stated 
how one should be careful about levels of trace 
elements such as copper and zinc in the precautions 
for use. In addition, anemia was improved rapidly by 
copper supplementation without change of the staple 
food in this study. Since copper-deficiency anemia 
caused by dysphagia diet is reversible, it is essential 
to be aware of the potential for copper deficiency and 
the resulting anemia in order to respond to copper-
deficiency anemia. If it is not fully understood that 
not only patients undergoing long-term intravenous 
nutrition or tube feeding but also patients who 
can be fed orally have the potential to develop 
copper-deficiency anemia, it is difficult to identify 
the cause of this condition and treat it. Therefore, 
it is recommended that the personnel at medical 

institutions involved in long-term management of 
older patients need be aware that mere repetition 
of blood transfusions must be avoided with patients 
with anemia of unknown cause. 

Conclusions
Not just the patients receiving intravenous nutrition 
but also those receiving dysphagia diet are at 
risk of developing copper deficiency anemia. 
Copper deficiency, in particular, is suspected in 
all older patients who are prescribed this type of 
diet. Therefore, copper supplementation might be 
recommended , and care is required in this respect.
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