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Abstract
Background The nutritional status of Diabetic-foot (DF) patients in clinic is not good, and there are fewer studies on the 
nutritional status of DF patients with different Wagner grades at home and abroad. Therefore, by exploring the nutritional 
status of DF patients with different Wagner grades and analyzing their related factors, this study aims to provide an effective 
basis for improving the nutritional status of DF patients and improving their quality of life.
Objective To explore the nutritional status of diabetic foot (DF) patients with different Wagner grades.
Methods Using a cross-sectional study method, 577 patients with DF who were hospitalized between February 2020 and 
January 2023 in our hospital were selected for investigation and were divided into three groups according to Wagner grading 
of grade 1–2, grade 3, and grade 4–5, and the simple mini-nutritional assessment scale was used to compare the nutritional 
status scores of patients in the three groups. The correlation between different gender, age, BMI, duration of diabetes, glyco-
sylated hemoglobin (HbA1c), hemoglobin (Hb), albumin, prealbumin, white blood cell count (WBC), and Wagner grading 
was compared, and the nutritional status of patients with different Wagner grading was analyzed.
Results Of the 577 DF patients included in the study, 40.4% are malnourished and 49.0% are at nutritional risk. The score 
of the mini-nutrition evaluation scale was (20.93 ± 3.67) for patients with Wagner grade 1 ~ 2, (17.30 ± 5.35) for grade 3, and 
(14.22 ± 5.99) for grade 4 ~ 5. Among patients with different Wagner grades, age, diabetes course, glycosylated hemoglobin 
(HbA1c), white blood cell count (WBC), hemoglobin (Hb), albumin, and prealbumin are statistically significant (p < 0.05), 
and sex and BMI are not statistically significant (p > 0.05).
Conclusions The nutritional status of patients with Wagner grading 3 ~ 5 is significantly worse than that of patients with Wagner 
grading 1–2. Age, duration of diabetes, HbA1c, WBC, Hb, albumin, and prealbumin have important effects on the development 
and prognosis of foot ulcers in patients with DF. Healthcare workers should give targeted interventions and appropriate nutritional 
support through the screening and comprehensive consideration of relevant factors at an early stage in clinical practice in order to 
improve the general condition of patients, accelerate the purpose of ulcer healing, and thus improve the quality of life of patients.
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Introduction

Diabetic foot (DF) is one of the most common complications 
of diabetes mellitus, characterized by high incidence, high 
disability rate, high mortality rate, and low cure rate, which 

seriously affects the health and quality of life of the nation 
[1]. Studies have shown that the prevalence of DF in the 
global diabetic population is approximately 5–9% [2]. The 
lifetime prevalence of DF in diabetic patients is as high as 
34% [3], with a recurrence rate of 22.1% [4] and an annual 
morbidity and mortality rate of 11% [5].

Previous literature has reported that malnutrition is asso-
ciated with difficult DF wound healing and lower extremity 
amputation [6] and that nutrition plays a key role in the preven-
tion and improved clinical prognosis of foot ulcers [7]. More 
than 60% of patients with DF ulcers Wagner grade 0 to 5 are 
associated with varying degrees of malnutrition or nutritional 
disorders [8]. One study [9] showed that the higher the degree 
of the Wagner classification, the more severe the disability and 
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the worse the nutritional status of the DF patients. Nutritional 
status is the basis and key to the control effect of DF [10]. 
Malnutrition will not only weaken the immune resistance of 
DF patients but also prolong the treatment time for wound 
infection and reduce the patient’s daily activity ability. These 
lead to a decline in quality of life, which result in less effective 
treatment, increased hospital stays, medical costs, amputation 
(toe) rate, etc. Amputation is the key cause of death in DF 
patients [11]. Currently, there are insufficient domestic and 
foreign reports of the potential impact of malnutrition on the 
severity and outcome of DF [12].

Therefore, in order to fully understand and grasp the 
nutritional status of DF patients, this study aimed to improve 
the nutritional status and quality of life of DF patients by 
investigating the nutritional status of inpatients with DF with 
different Wagner grades and conducting a correlation analy-
sis of nutritional status.

Methods and Materials

Study design 

A total of 577 patients with DF who were admitted to our hos-
pital from February 2020 to January 2023 were selected as the 
study subjects, including 399 males and 178 females. Age is 
24 ~ 91 (63.96 ± 11.98) years. All are type 2 diabetes, with the 
course of the disease being 1 ~ 50 years (15.29 ± 9.23) years. 
Inclusion criteria are as follows: ① all patients met the relevant 
diagnostic criteria of the Chinese Guidelines for the Preven-
tion and Treatment of Type 2 Diabetes (2020 Edition) [13]; 
② foot ulcer grading according to Wagner grading standards 
[14], Wagner grade 1 ~ 5 patients (≥ 18 years old); ③ have a 
certain understanding and cooperation ability, and voluntarily 
participate in this research. Exclusion criteria are as follows: ① 
incomplete questionnaire information; ② patients with severe 
cognitive impairment, severe chronic wasting diseases, end-
stage malignancy, and multi-organ failure.

Assessment of nutritional status

We used the MNA scale to assess the nutritional status 
of participants [15], which is recommended by the Euro-
pean Parenteral and Enteral Nutrition Association for the 
assessment of nutritional status in older adults. Velles 
et al. [16] suggested that the sensitivity of the MNA scale 
for malnutrition assessment is 96%, specificity is 98%, 
positive predictive value is 97%, and internal consistency 
confidence is 0.711. The MNA scale can screen malnutri-
tion risk and determine the state of malnutrition, which 
has been widely used in clinical practice. MNA includes 
anthropometry, comprehensive assessment, dietary status, 
and subjective evaluation. There is a total of 18 items, with 

a total score of 30 points, with lower values represent-
ing worse conditions and higher scores indicating better 
nutritional status. Evaluation criteria are as follows: Mal-
nutrition when the total score is lower than 17; potential 
malnutrition risk when the score is from 17 to 23.9; and 
well-nourished when the score is higher than 24.

Assessment of covariates

The questionnaire is designed by the investigators on the 
basis of a literature review and consultation with experts 
in related fields. The contents of the questionnaire include 
① general information such as gender, age, and BMI; ② 
disease-related data: Wagner grade and diabetes course; ③ 
laboratory indicators: HbA1c, Hb, albumin, prealbumin, 
and WBC.

Anthropometric measurements

Height was measured using a standard height scale, accu-
rate to 0.1 cm, and weight was measured using a met-
ric scale, accurate to 0.01 kg. Weight, height, body mass 
index (BMI), middle upper arm circumference (MUAC), 
and calf circumference (CC) are obtained to complete the 
MNA.

BMI is the ratio of weight (kg) to height squared  (m2). 
According to the “Guidelines for the Prevention and Con-
trol of Overweight and Obesity in Chinese Adults” [17], 
BMI < 18.5 kg/m2 is thin, 18.5 kg/m2 ≤ BMI < 24.0 kg/m2 is 
normal, 24.0 kg/m2 ≤ BMI < 28.0 kg/m2 is overweight, and 
BMI ≥ 28.0 kg/m2 is obese. MUAC is the midpoint between 
the ulnar hawk’s beak and the acromion on the healthy side 
of the upper arm circumference at the point. CC was meas-
ured at the widest part around the calf and repeated 2 more 
times to take the largest measurement [15].

Data collection methods

The investigators completed the questionnaire within 24 h 
of admission for DF patients who met the inclusion criteria 
in accordance with the principle of informed consent, and 
the biochemical indexes were selected from the most recent 
values after admission, and the investigators and department 
subject members conducted the survey and completed it in 
accordance with the uniform guideline. The investigator 
checked and checked the validity and completeness of the 
completed questionnaires item by item immediately after 
the patients filled in the forms to ensure that the informa-
tion was qualified and the questionnaires were collected in 
a timely manner.
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Statistical analysis

SPSS 26.0 statistical software was used for data analysis. 
The measurement data were expressed as mean ± standard 
deviation ( x ± s ), and analysis of variance was used for com-
parisons between groups. The counting data were expressed 
as proportions or percentages, the chi-square test was used 
for comparison between groups, and the difference was sta-
tistically significant with p < 0.05.

Results

Occurrence of malnutrition in patients 
with different Wagner grades

The 577 patients were divided into 3 groups according to 
the Wagner grade. The patients with Wagner grade 1 ~ 2 
accounted for 19.06% of the total number, the patients with 
Wagner grade 3 accounted for 38.13%, and the patients 
with Wagner grade 4 ~ 5 accounted for 42.8%. The nutri-
tional scores of the three groups were compared, F = 61.841, 
p < 0.001, which was statistically significant, as shown in 
Table 1.

Comparison of clinical data of DF patients 
with different Wagner classifications

In this study, 19.06% of the patients had Wagner grade 1 
to 2, 38.13% had grades 3, and 42.8% had grade 4 to 5, 
with the majority of patients in each group being male. 
By comparing between groups, age, duration of diabetes 
mellitus, and Wagner grade were correlated (p < 0.001), 
as shown in Table 2.

Comparison of laboratory indices in DF patients 
with different Wagner classifications

Comparison between groups showed that Hb, albu-
min, prealbumin, HbA1c, and WBC all correlated 
with the Wagner classification (p < 0.001), as shown 
in Table 3.

Discussion

The results of this study showed that the nutritional status 
of DF patients with different Wagner grades was not satis-
factory, and there were obvious differences in nutritional 
status between the groups. The nutritional status of patients 
with Wagner grade 4 ~ 5 was worse than that of patients with 
Wagner grade 1 ~ 3.

Among the patients with Wagner grade 4 ~ 5, 57.89% 
were malnourished. Among the patients with Wagner grade 
3, 35.45% were malnourished. This is similar to the results 
reported by Xiao Ting et al. [18] that nutritional status was 
inversely correlated with DF grade. With the development 
of foot ulcers, the nutritional status of patients continues to 
decline. The analysis may be that patients need to consume 
a large amount of nutrients during wound repair, and these 
missing nutrients are not replenished in time, resulting in 
secondary malnutrition. When the body is malnourished for 
a long time, it can lead to a decrease in immunity, which 
further increases the likelihood and severity of infection.

By comparing gender, age, duration of diabetes, and BMI 
in patients with different Wagner classification DF, it was 
found that male patients were predominant in each group, 
and it has been shown that women are more active in foot 
care and prevention of diabetes-related foot complications 
than male patients who prefer to seek help from others and 
take passive and negative measures to deal with their foot 
problems [19].

The mean age of the patients in each group increased as 
the Wagner classification increased. It has been shown that 
leukocyte phosphofructose activity decreases with increas-
ing age in diabetic patients, and the bactericidal activity 
of leukocytes is inhibited, leading to difficulty in control-
ling blood glucose in patients, creating a vicious cycle that 
slows wound healing in patients [20]. Xiong Tian et al. [21] 
believe that the proportion of malnutrition and malnutri-
tion risk in elderly patients increases significantly with age, 
which may be due to the gradual decline of digestion and 
absorption function that, in turn, affects their nutritional 
status. Elderly DF patients have many underlying diseases, 
tissue metabolic rate increases with age, infection of wounds 
further depletes the body’s energy, the body’s function is 
increasingly degraded, and insufficient intake leads to more 

Table 1  Nutritional status 
comparison of DF patients with 
different Wagner grades

F = 61.841, p < 0.001

Wagner grades Patient count Nutrition score Nutritional status [n (%)]

Malnutrition Risk of malnutrition Well nourished

1 ~ 2 110 20.93 ± 3.67 12 (10.9%) 71 (64.55%) 27 (24.55%)
3 220 17.30 ± 5.35 7 (35.45%) 121 (55.0%) 21 (9.55%)
4 ~ 5 247 14.22 ± 5.99 143 (57.89%) 91 (36.84%) 13 (5.26%)



 International Journal of Diabetes in Developing Countries

1 3

deterioration of foot ulcers, eventually leading to amputation 
and even death.

In this study, the average duration of diabetes mellitus was 
also higher in the group with a high Wagner classification, 
and it has been pointed out [22] that the duration of diabetes 
mellitus is the main cause of microangiopathy in diabetic 
patients. The longer the duration of the disease, the greater 
the possibility of complications, the heavier the burden on 
the family and society, and the greater the psychological and 
emotional impact on the patient, the more pronounced the 
decline in quality of life, and thus the further decline in nutri-
tional status, which repeatedly causes a vicious cycle.

In this study, there was no significant difference in BMI 
between groups in the Wagner grade, with BMI being gen-
erally higher. Previous studies by He Yuan et al. [23] found 
that the prevalence of type 2 diabetes increased with the 
increase of BMI in the whole Chinese population, and the 
risk of type 2 diabetes increased by 5.9 times after BMI 
increased from normal to grade 2 obesity. Obesity is con-
sidered to be prevalent in patients with diabetes, while low 
body weight is also common; both conditions may be mani-
festations of malnutrition [24]. In DF patients that are [25] 
overweight and obese, dietary intake of energy and nutri-
ents was also significantly reduced. If the patient’s BMI is 
elevated and blood glucose control is poor, energy intake 
should be minimized while protein intake should be opti-
mized. A nutritionist or nurse should conduct a 24-h caloric 
intake review and food frequency questionnaire at each visit 
to ensure that the patient meets the estimated caloric needs 
and adjust the diet accordingly to avoid adverse effects of 
malnutrition on the body.

In this study, Hb, albumin, prealbumin, HbA1c, and 
WBC were compared with different Wagner grades of DF 
patients. The results show that different Wagner grades are 
negatively correlated with Hb, albumin, and prealbumin 

and positively correlated with HbA1c and WBC. Patients 
with DF have varying degrees of infection, and the higher 
the Wagner grade, the more severe the infection. And the 
severity of infection has a direct impact on albumin and Hb 
consumption [26].

Studies have shown that the prevalence of anemia in 
diabetic patients is twice that of non-diabetic patients, 
and the prevalence of anemia in DF patients is as high as 
51.9 ~ 85.3% [27], and the adverse outcome rate is also 
higher [28]. The high prevalence of anemia is widely rec-
ognized in people with diabetes and is a common problem 
associated with adverse outcomes in patients with DF [29].

In addition, serum albumin is used as a composite indica-
tor to assess nutrition inflammation, and hypoproteinemia 
may reflect the patient’s inflammatory status, inadequate pro-
tein, and energy intake [30]. If the patient does not receive 
timely nutritional supplementation, the foot ulcer further 
worsens, thereby reducing the patient’s quality of life.

Patients with longer diabetes will lead to impaired renal 
function, resulting in microalbuminuria, further aggravat-
ing nutrient loss. Studies have shown an inverse correlation 
between albumin levels and the incidence of DF; that is, 
the incidence of DF increases with the decrease of albumin 
levels, and albumin is an independent protective factor for 
the occurrence of DF [31].

HbA1c can reflect the average plasma glucose level of 
individuals in the past 8 ~ 12 weeks, and it is currently rec-
ommended clinically as an important indicator for monitor-
ing and blood glucose control evaluation of average blood 
glucose levels in DM patients. Glucose metabolism is the 
main metabolic pathway of the body’s energy supply, and 
amino acid metabolism is an important way of protein syn-
thesis in the body. An abnormal elevation of HbA1c in 
patients with type 2 diabetes mellitus will lead to disorders 
of glucose metabolism and amino acid metabolism, and 

Table 3  Comparison of 
laboratory indicators of DF 
patients with different Wagner 
grades ( x ± s)

Wagner grades Hb (g/L) Protein (g/L) Prealbumin (g/L) HbA1c (%) WBC (×  109/L)

1 ~ 2 120.48 ± 22.58 36.50 ± 6.20 0.20 ± 0.07 8.43 ± 1.99 7.95 ± 3.41
3 110.92 ± 20.40 35.12 ± 5.35 0.16 ± 0.07 8.61 ± 2.19 9.00 ± 4.28
4 ~ 5 104.38 ± 20.63 32.61 ± 5.50 0.13 ± 0.06 9.25 ± 2.04 11.09 ± 5.18
F 22.922 22.203 40.489 8.181 22.209
P  < 0.001  < 0.001  < 0.001  < 0.001  < 0.001

Table 2  Comparison of clinical 
statistics of DF patients with 
different Wagner grades ( x ± s)

Wagner grades Gender (M/F) Age/years Course of diabetes/years BMI/(kg⋅m−2)

1 ~ 2 82/28 56.53 ± 11.20 11.03 ± 8.03 24.25 ± 3.30
3 153/67 63.41 ± 11.26 16.37 ± 9.01 24.30 ± 3.51
4 ~ 5 164/83 67.75 ± 11.32 16.23 ± 9.41 24.17 ± 3.81
χ2/F 2.395 38.148 15.240 0.081
P 0.302  < 0.001  < 0.001 0.922
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the patient’s energy supply and protein synthesis will be 
reduced, resulting in malnutrition [32].

As the Wagner classification increases, the proportion of 
severe diabetic foot infections increases, the rate of disability 
increases, and the prognosis of patients is worse [33]. Stud-
ies have shown that decreased homogeneous blood flow to 
the affected area in diabetic foot patients and abnormally 
elevated WBC can lead to occlusion of blood circulation 
vessels or arterial macrovessels, aggravating the ulcer wound 
healing time in patients with multidrug-resistant bacterial 
infections of the diabetic foot [34].

Wagner grade 1 ~ 2 foot ulcers can generally heal because 
they do not involve bone tissue, while Wagner grade 3 or 
higher indicates that the infection involves bone, and the 
amputation rate is 11 times higher [35]; the amputation rate 
is especially higher in patients with foot ulcers combined 
with gangrene. The insufficient protein intake of elderly DF 
patients coupled with frequent dressing changes, surgery, 
and wound infection exudation further promote albumin 
loss, resulting in additional malnutrition. This will reduce 
the patient’s resistance, making inflammation easy to occur, 
while wound healing requires a large amount of protein. In 
such cases, patients often fall into the vicious cycle of hypo-
proteinemia, infection, and unhealed wound [36], which will 
lead to inevitable amputation if not improved in time.

Conclusion

The nutritional status of patients with Wagner grading 
3 ~ 5 is significantly worse than that of patients with Wag-
ner grading 1–2. Age, duration of diabetes, HbA1c, WBC, 
Hb, albumin, and prealbumin have important effects on the 
development and prognosis of foot ulcers in diabetic foot 
patients. Clinical healthcare professionals, as the main body 
of disease treatment, should assess and screen DF patients 
for nutritional risk according to Wagner’s grading, promptly 
identify patients with potential malnutrition, and develop 
practical, individualized nutritional treatment plans, and 
patients with high nutritional risk should be given nutritional 
interventions in a timely manner to avoid or delay disease 
progression and improve wound healing while improving 
the prognosis of DF patients.

Acknowledgements The authors of this paper are very grateful for the 
help provided by the following experts and personnel: academician 
Bo Han Zhang provided many constructive comments and guidance 
on this paper and worked with the first author to complete the organi-
zation and analysis of the data. Academician  Hongjuan Zhu played 
a supervisory and monitoring role for the first author of this paper, 
reviewed the authenticity and validity of the data, and provided space 
and patient samples. The reviewers provided valuable comments on 
the nutritional status and correlation analysis of diabetic foot patients 
with different Wagner grading, which are gratefully acknowledged! 

Data Availability Data related to the results of this study are available 
from the first author upon request.

Declarations 

Ethical clearance Ethics number:2022KY080-KS001

Conflict of Interest The authors have no relevant financial or non-fi-
nancial interests to disclose. The authors have no competing interests 
to declare that are relevant to the content of this article. All authors cer-
tify that they have no affiliations with or involvement in any organiza-
tion or entity with any financial interest or non-financial interest in the 
subject matter or materials discussed in this manuscript. The authors 
have no financial or proprietary interests in any material discussed in 
this article.

Open Access  This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article's Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article's Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

References

 1. Li MQ. Clinical guidelines for comprehensive interventional 
management of the diabetic foot (6th ed.). J Intervent Radiol. 
2020;29(09):853–66.

 2. Edmonds M, Manu C, Vas P. The current burden of diabetic foot 
disease - ScienceDirect. J Clin Orthop Trauma. 2021;17:88–93. 
https:// doi. org/ 10. 1016/j. jcot. 2021. 01. 017.

 3. Ingelfinger JR, Armstrong DG, Boulton AJM, et al. Diabetic foot 
ulcers and their recurrence. N Engl J Med. 2017;376(24):2367.

 4. Fu XL, Ding H, Miao WW, et al. Global recurrence rates in 
diabetic foot ulcers: a systematic review and meta-analysis. 
Diabetes Metab Res Rev. 2019;35(6): e3160.

 5. Chinese Medical Association, Chinese Medical Association, 
Chinese Society for Infectious Diseases, Chinese Medical Asso-
ciation, Chinese Society for Tissue Repair and Regeneration. 
Chinese guidelines for the prevention and treatment of diabetic 
foot (2019 edition) (I). Chin J Diabetes. 2019;11(2):92–108.

 6. Shi HY, Zhu P, Wang AH, et al. Nutritional Interventions for 
diabetic foot ulcers-interpretation of the 2022 American Society 
for Limb Preservation Expert Consensus and Task Guide: nutri-
tional interventions for diabetic foot ulcers in adults. Infection, 
Inflammation, Repair. 2022;002:23.

 7. Molnar JA, Vlad LG, Gumus T. Nutrition and chronic wounds: 
improving clinical outcomes. Plast Reconstr Surg. 2016;138(3 
Suppl):71S-81S.

 8. Zhang SS, Tang ZY, Fang P, et  al. Nutritional status dete-
riorates as the severity of diabetic foot ulcers increases and 
independently associates with prognosis. Exp Ther Med. 
2013;5(1):215–22.

 9. Jianhui W, Siqi An, Changxiang C. A support system for physi-
cal and mental health status of elderly disabled people. Chin J 
Gerontol. 2018;38(14):3496–8.

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/j.jcot.2021.01.017


 International Journal of Diabetes in Developing Countries

1 3

 10. Harati H, Hadaegh F, Momenan AA, et al. Reduction in incidence 
of type 2 diabetes by lifestyle intervention in a middle eastern 
community. Am J Prev Med. 2010;38(6):628–36.

 11. He Bingxin Gu, Shilin JJ, et al. Analysis of the occurrence of 
malnutrition and factors affecting diabetic foot ulcers in elderly 
women. China Maternal Child Health. 2020;35(24):4840–2.

 12. Lauwers P, Hendriks J, Van Bouwel S, et al. Malnutrition accord-
ing to the 2018 GLIM criteria is highly prevalent in people with a 
diabetic foot ulcer but does not affect outcome. Clin Nutr ESPEN. 
2021;43:335–41.

 13. Chinese Medical Association, Division of Diabetes. Chinese 
guidelines for the prevention and treatment of type 2 diabetes 
mellitus (2020 edition). Chin J Diabetes. 2021;13(4).

 14. Sun JH, Tsai JS, Huang CH, et al. Risk factors for lower extremity 
amputation in diabetic foot disease categorized by Wagner clas-
sification. Diabetes Res Clin Pract. 2012;95(3):358–63.

 15. Guigoz Y, Vellas B, Garry PJ. Assessing the nutritional status of 
the elderly: the mini nutritional assessment as part of the geriatric 
evaluation. Nutr Rev. 1996;54(1 Pt 2):S59–65.

 16. Guigoz Y, Vellas B. The Mini Nutritional Assessment (MNA) for 
grading the nutritional state of elderly patients: presentation of 
the MNA, history and validation. Nestle Nutr Workshop Ser Clin 
Perform Programme. 1999;1(3–11):11–2.

 17. China Working Group on Obesity. Guidelines for the prevention 
and control of overweight and obesity in Chinese adults (excerpt). 
J Nutr. 2004;26(1):1–4.

 18. Xiao T, Li X, Wang YZ, et al. Clinical significance of relevant 
indicators to evaluate the severity of diabetic foot ulcers. China 
Chronic Dis Prevent Control. 2010;04:51–3.

 19. Hjelm K, Nyberg P, Apelqvist J. Gender influences beliefs about 
health and illness in diabetic subjects with severe foot lesions. J 
Adv Nurs. 2002;40(6):673–84.

 20. Zhaohu H, Hailin S, Xiao H, et al. Correlation analysis of smoking 
history, age of diabetes onset and diabetic retinopathy in adoles-
cents. Chin J Endocrinol Metabolism. 2019;35(4):4.

 21. Xiong T, Wang J, He HY. Research progress on factors influencing 
malnutrition in elderly patients. Nurs Res. 2017;31(016):1936–8.

 22. Akkus G, Izol V, Ok F, et al. Possible role of the receptor of 
advanced glycation end products (RAGE) in the clinical course 
of prostate neoplasia in patients with and without type 2 diabetes 
mellitus. Int J Clin Pract. 2021;75(3). https:// doi. org/ 10. 1111/ ijcp. 
13723

 23. He Y, Zeng Q, Zhao S. Study on the correlation between obesity, 
central obesity and hypertension and diabetes mellitus in Chinese 
adults. J PLA Med. 2015;40(10):6.

 24. Napoli N, Strotmeyer ES, Ensrud KE, et al. Fracture risk in diabetic 
elderly men: the MrOS study. Diabetologia. 2014;57(10):2057–
65. https:// doi. org/ 10. 1007/ s00125- 014- 3289-6.

 25. Basiri R, Spicer MT, Levenson CW, et al. Nutritional supplemen-
tation concurrent with nutrition education accelerates the wound 
healing process in patients with diabetic foot ulcers. Biomedicines. 
2020;8(8):263. https:// doi. org/ 10. 3390/ biome dicin es808 0263.

 26. Yanwen L, Jianzhong Z, Ying G, et al. Correlation analysis of 
diabetic foot and nutritional status. Chin Exp Diagn. 2016;20(5):3.

 27. Shareef AM, Ahmedani MY, Waris N. Strong association of 
anemia in people with diabetic foot ulcers (DFUs): study from a 
specialist foot care center. Pak J Med Sci. 2019;35(5):1216–20.

 28. Costa R, Cardoso NA, Procopio RJ, et al. Diabetic foot ulcer 
carries high amputation and mortality rates, particularly in the 
presence of advanced age, peripheral artery disease and anemia. 
Diabetes Metab Syndr. 2017;11(Suppl 2):S583–7.

 29. Kengne AP, Czernichow S, Hamer M, et al. Anaemia, haemoglo-
bin level and cause-specific mortality in people with and without 
diabetes. PLoS One. 2012;7(8): e41875.

 30. Don BR, Kaysen G. Serum albumin: relationship to inflammation 
and nutrition. Semin Dial. 2004;17(6):432–7.

 31. Jing He, Yanling G. Observation on the effect of medical nutrition 
therapy combined with oligofructose intervention on glycemic con-
trol in diabetic patients. J Guangxi Medical University. 2018;35(3):4.

 32. Wewer AN, Junker AE, Christensen M, et al. Hypergluca-
gonemia correlates with plasma levels of non-branched-
chain amino acids in patients with liver disease independent 
of type 2 diabetes. Am J Physiol Gastrointest Liver Physiol. 
2018;314(1):G91–6.

 33. Chang M, Nguyen TT. Strategy for treatment of infected diabetic 
foot ulcers. Acc Chem Res. 2021;54(5):1080–93.

 34. Zhang XX. Clinical application value of calcitoninogen and 
C-reactive protein testing in patients with severe infection of dia-
betic foot. Clinical Meta. 2015;30(4):3. https:// doi. org/ 10. 3969/j. 
issn. 1004- 583X. 2015. 04. 019

 35. Wang YZ, Wang AH, Zhao CH, et al. Analysis of risk factors for 
diabetic foot disease in southern and northern China. Chin Med 
J. 2007;87(26):1817–20.

 36. Kateel R, Adhikari P, Augustine AJ, et al. Topical honey for the 
treatment of diabetic foot ulcer: a systematic review. Complement 
Ther Clin Pract. 2016;24:130–3.

Publisher's note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.1111/ijcp.13723
https://doi.org/10.1111/ijcp.13723
https://doi.org/10.1007/s00125-014-3289-6
https://doi.org/10.3390/biomedicines8080263
https://doi.org/10.3969/j.issn.1004-583X.2015.04.019
https://doi.org/10.3969/j.issn.1004-583X.2015.04.019

	Correlation Analysis of Nutritional Status of Diabetic Foot Patients with Different Wagner Grades
	Abstract
	Background 
	Objective 
	Methods 
	Results 
	Conclusions 

	Introduction
	Methods and Materials
	Study design 
	Assessment of nutritional status
	Assessment of covariates
	Anthropometric measurements
	Data collection methods
	Statistical analysis

	Results
	Occurrence of malnutrition in patients with different Wagner grades
	Comparison of clinical data of DF patients with different Wagner classifications
	Comparison of laboratory indices in DF patients with different Wagner classifications

	Discussion
	Conclusion
	Acknowledgements 
	References


