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Abstract
Aims
The aim was to examine whether the Prognostic Nutritional Index (PNI) and Controlling Nutritional Status (CONUT) score are predictors of
wound healing in patients with diabetic foot ulcers (DFUs).
Materials and Methods

This was a hospital-based, single-center, observational, longitudinal cohort study of 349 Japanese patients (84 women, 265 men; mean (standard
deviation) age 62.8 (12.8) years) with DFUs. The endpoint was complete wound healing. The classical Cox proportional model and competing-risks
model were used to calculate the hazard ratios (HRs) and the 95% confidence interval (CI) for reaching the endpoint.
Results

During a median (range) follow-up of 2.3 (0.03-62.3) months, 220 patients (63.0%) reached the endpoint. In the multivariate Cox proportional
hazards model, higher PNI was identified as an independent predictor for the endpoint (HRs 1.22, 95% CI 1.01-1.48, p=0.038). In the multivariate
competing-risks model analysis, both higher PNI (HRs 1.26, 95% CI 1.03-1.53, p=0.024) and lower CONUT score (HRs 0.80, 95% CI 0.65-0.99,
p=0.045) were identified as independent predictors for the endpoint. Similar results were obtained when the PNI and the CONUT score were treated
as categorical variables (≥ median or less).
Conclusions

Nutritional status, as assessed using the PNI and CONUT score, is a novel clinical predictor for wound healing in patients with DFUs.
Keywords: Diabetic foot ulcer; Nutritional assessment; Prognostic nutritional index; Controlling Nutritional Status.

Introduction

Patients with diabetes have been shown to have a 15-25%
chance of developing diabetic foot ulcers (DFUs) during their
lifetime[1]. DFUs are associated with a higher risk of nontraumatic lower extremity amputation (LEA)[2]. Furthermore,
mortality in patients with diabetes undergoing LEA remains
extremely high[3]. Therefore, management of DFUs, including
optimized vascular supply, appropriate plantar pressure
redistribution, and infection control and treatment, is critical
for patients with diabetes[4]. As nutrition plays a pivotal role in
tissue regeneration and immune modulation [5-7], malnutrition
is associated with delayed healing of DFUs [8,9], necessitating
early nutritional assessment for the management of DFUs.
Several screening tools have been proposed to assess nutritional
status in several conditions and diseases. Serum albumin levels
have been the most commonly used marker for evaluating
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nutritional status in the clinical setting; however, this single
indicator may be limited in its clinical application. The prognostic
nutritional index (PNI) is an index based on serum albumin and
the total lymphocyte count[10]. The controlling nutritional status
(CONUT) score is calculated from serum albumin concentration,
total peripheral lymphocyte count, and total cholesterol
concentration, reflecting the nutritional status and immune
function of the body[11]. Both indices are easily calculated
from the data obtained from routine blood examinations, and
they have been shown to predict adverse outcomes in various
diseases[12-16]. However, to the best of our knowledge, there
have been no studies examining the association of these indices
with the prognosis of patients with DFUs. The aim of this study
was to determine whether the PNI and CONUT score are reliable
predictors of wound healing in patients with DFUs.
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Methods
Study design and ethical issues
This was a hospital-based, single-center, observational,
longitudinal cohort study that was approved by the Ethics
Committee of Tokyo Women’s Medical University (Approval No.
4975-R), in compliance with the Declaration of Helsinki, with
utmost attention paid specifically to the protection of participant
privacy.
Subjects

We recruited consecutive patients with type 1 and type 2
diabetes who presented with DFUs to the Foot Care Unit in the
Diabetes Center of Tokyo Women’s Medical University Hospital
in Tokyo, Japan, between January 2015 and December 2019.
Patients with missing values for baseline profiles were excluded.
Data collection and blood sample measurements

General information, including diabetic micro- and
macrovascular complications were collected from the medical
records. Cardiovascular diseases (CVD) included myocardial
infarction, coronary revascularization, and stroke.Peripheral
artery disease (PAD) was defined asan ankle-brachial index (ABI)
< 0.9 or a history of peripheral revascularization.

Data on the laboratory examinations, including hemoglobin
A1c (HbA1c), serum albumin, lipid profiles, creatinine, complete
blood cell count including total lymphocyte count, and C-reactive
protein (CRP) were obtained at the first visit. The estimated
glomerular filtration rate (eGFR) was calculated based on serum
creatinine levels, age, and sex [17]. In this study, chronic kidney
disease (CKD) was defined as having an eGFR< 60 mL/min/1.73
m2 or being on renal replacement therapy (RRT).
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follow-up period was the time from enrollment to wound healing,
LEA, wound-related death, or last clinical follow-up, whichever
occurred first. The last follow-up date was February 2020.
Statistical Analysis

Continuous variables were expressed as arithmetic means with
standard deviation (SD) or geometric means with 95% confidence
interval (CI), as appropriate according to data distribution.
Categorical data were expressed as numbers (%).

The association of serum albumin levels, PNI, and CONUT score
with the endpoint was examined by the time-to-event analysis,
treating these markers categorically and numerically. In the
categorical analysis, patients were dichotomized into 2 groups
with lower and higher levels of the markers based on their
respective median values. The cumulative incidence of wound
healing was estimated using the Kaplan-Meier method, and the
differences between the groups were examined by the log-rank
test. Hazard ratios (HRs) between the dichotomized groups, as
well as per 1-SD increment for wound healing were estimated
using the classical Cox proportional hazards model analysis. In
addition, the Fine and Gray sub distribution hazard model was
constructed, wherein wound-related death and LEA were defined
as competing risks. In these models, the following variables were
incorporated as independent variables: age, sex, BMI, HbA1c,
logarithmically transformed CRP, low-density lipoprotein (LDL)
cholesterol, history of PAD, CVD, and LEA, presence of CKD
and osteomyelitis, use of antihypertensive agents, and current
smoking. P values < 0.05 were considered statistically significant.
All statistical analyses were performed using the SAS version 9.4
(SAS Institute, Cary, NC, USA).

Results

Definitions of the PNI and the CONUT score

Clinical characteristics of the study subjects

The PNI was calculated as 10 × serum albumin (g/dL) + 0.005
× lymphocyte count (/μL)[10]. Higher PNI indicates better
nutritional status. The CONUT score was calculated as the sum of
the scores of the three parameters classified by their respective
cut-off values, ranging from 0 to 12[11]. Lower CONUT scores
have been shown to indicate better nutritional status.

During the period described above, 421 consecutive patients
presented with DFUs to the Foot Care Unit in the Diabetes Center
of Tokyo Women’s Medical University Hospital in Tokyo, Japan.
After excluding those with missing values for baseline profiles
(n=72), a total of 349 patients were studied.

Treatment of DFUs

A DFUs was defined as full-thickness skin loss. All patients were
treated at the Foot Care Unit during the study period. Diagnosis
of osteomyelitis was based on the probe-to-bone test[18]
and magnetic resonance imaging. The treatment of DFUs was
standardized according to the International Consensus on the
Diabetic Foot[19]. Revascularization and LEA were performed
according to the multidisciplinary team consensus.
Study endpoint

The endpoint of this study was complete wound healing. LEA
was defined as a complete loss in the transverse plane of any part
of the lower limb. Wound-related death was defined as death
with an unhealed ulcer with or without any amputation. The

Baseline clinical characteristics and laboratory data foroverall
participants are presented in Table 1. There were 84 women
and 265 men, with the mean (SD) age of 62.8 (12.8) years. A
total of 309 patients (88.3%) had type 2 diabetes, 162 (46.4%)
had a history of CVD, 161 (46.1%) had a history of PAD, and 266
patients had CKD, of whom 149 patients (56.1%) had advanced
CKD requiring RRT. The median (range) total lymphocyte count
(/μL) was 1,323 (78-5,295). The most frequent ulcer site was toe
(62.8%), among which 96 (27.5%) ulcers were accompanied by
osteomyelitis.
Follow-up results

During a median (range) follow-up of 2.3 (0.03-62.3) months, a
total of 220 patients (63.0%) achieved complete wound healing.
Median time to the endpoint was 2.2 (0.1-44.4) months. LEA was
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performed in 81 patients (23.2%), the level of which was above
the ankle in 20 patients and below the ankle in the remaining 61
patients. Wound-related death occurred in 8 patients (2.3%).
Survival analysis according to the serum albumin, PNI, and
CONUT score

The median (range) serum albumin, PNI, and CONUT score of
overall subjects were 3.6 g/dL (1.1-4.7 g/dL), 42.5 (16.3-62.6),
and 3 (0-12), respectively. As shown in Figure 1, cumulative
incidence of wound healing was significantly higher in patients
with higher serum albumin, higher PNI, and lower CONUT scores
than their respective counterparts (p<0.001).
Association between nutritional status and wound healing

The associations of serum albumin, PNI, and CONUT score
with wound healing are shown in Table 2. In the univariate
Cox proportional hazards model, each 1-SD increase in serum
albumin and PNI, and 1-SD decrease in CONUT score significantly
increased the HRs of wound healing by 7% (p=0.002), 31%
(p=0.001), and 24% (p=0.001), respectively, indicating that
higher serum albumin and PNI, and lower CONUT score were
significantly associated with beneficial effects of wound healing.
Even after adjustment for covariates mentioned above, higher
PNI remained significantly associated with higher incidence of
wound healing. On the other hand, the associations of serum
albumin or CONUT score with wound healing were no more
significant statistically.

In the Fine and Gary subdistribution hazard model, considering
wound-related death and LEA as competing risks, the univariate
analysis also found significant association of these 3 indices with
incidence of wound healing. In the multivariate analysis, levels of
the PNI as well as CONUT score, but not serum albumin, remained
as predictors of wound healing.
Finally, serum albumin, PNI, and CONUT score were treated
as categorical variables by dichotomizing these values at the
median. Both the Cox proportional hazard model and Fine and
Gray subdistribution model, yielded almost the identical results,
except for significant association between lower CONUT score
and higher incidence of wound healing in the multivariate Cox
Table 1: Baseline demographic and laboratory data of the 349
participants
Status

Age (years)

62.8 ± 12.8

Type 2 diabetes (%)

308 (88.3)

Men (%)

Duration of diabetes (years)
BMI (kg/m2)

Former smoker (%)

Current smoker (%)

MedicationInsulin treatment (%)

265 (75.9)

23.8 ± 11.7
25.2 ± 4.9

203 (58.2)
70 (20.1)

234 (67.0)
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Antihypertensive agents (%)

250 (71.6)

Antithrombotic agents (%)

222 (63.6)

Antilipemic agents (%)
Medical history

166 (47.6)

Diabetic retinopathy (%)

301 (86.2)

Dialysis (%)

109 (31.2)

Proliferative diabetic retinopathy (%)
Post kidney transplantation (%)

History of cardiovascular diseases (%)

History of peripheral artery diseases (%)
History of amputation (%)
Laboratory data

196 (56.2)
40 (11.5)

162 (46.4)
161 (46.1)
69 (19.8)

Albumin (g/dL)

3.5 ± 0.7

HbA1c (mmol/mol)

62.9 ± 20.3

HbA1c (%)

Total cholesterol (mg/dL)

Total cholesterol (mmol/L)
Triglycerides (mmol/L)

HDL cholesterol (mmol/L)
LDL cholesterol (mmol/L)

Creatinine (non-dialysis patients) (mg/dL)
eGFR (non-dialysis patients) (mL/
min/1.73 m2)
WBC count (/μL)

Total lymphocyte count (/μL)
C-reactive protein (mg/dL)
PNI

CONUT

Ulcer characteristics
Location (%)

7.9 ± 1.9

168 ± 45
4.3 ± 1.2
1.5 ± 0.9
1.3 ± 0.4
2.4 ± 0.9
1.4 ± 1.2

45.3 (41.9-49.0)

7779 (7467-8103)
1261 (1200-1325)
1.0 (0.8-1.2)
41.7 ± 8.0
4±3

Toe

219 (62.8)

Heel

18 (5.2)

Plantar
Other than above

Ulcer size >4 cm2 (%)

Presence of osteomyelitis (%)

81 (23.2)
31 (8.9)

108 (30.9)
96 (27.5)

Data are expressed as numbers (%), means ± SD, or geometric means
(95% confidence interval). Abbreviations: BMI: body mass index,
HbA1c: hemoglobin A1C, HDL: high-density lipoprotein, LDL: lowdensity lipoprotein, eGFR: estimated glomerular filtration rate, WBC:
white blood cell, PNI: prognostic nutritional index, CONUT: controlling
nutritional status, SD: standard deviation
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Figure 1: Cumulative incidence of wound healing in two groups dichotomized by (A) serum albumin levels of 3.6 g/dL, (B) the PNI of 42.5, and (C)
the CONUT score of 3.
Abbreviations: PNI: prognostic nutritional index, CONUT: Controlling Nutritional Status.
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Table 2: Multivariate Cox proportional hazards model and competing-risks regression model to examine the association of nutritional indices with
wound healing
Cox proportional hazards model
HRs (95% CI)

p value

Serum albumin

1.16 (0.96-1.40)

CONUT score

0.84 (0.68-1.03)

<analysis as a continuous variable>
PNI

1.22 (1.01-1.48)

<analysis as a categorical variable>

Competing-risks regression model
HRs (95% CI)

p value

0.120

1.17 (0.96-1.42)

0.131

0.095

0.80 (0.65-0.99)

0.045

0.038

1.26 (1.03-1.53)

0.024

Higher serum albumin

1.33 (0.96-1.86)

0.092

1.30 (0.91-1.84)

0.149

Higher CONUT score

0.67 (0.48-0.93)

0.018

0.69 (0.49-0.97)

0.033

Higher PNI

1.78 (1.27-2.49)

0.001

1.78 (1.24-2.57)

0.002

Patients were dichotomized by serum albumin levels of 3.6 g/dL, the PNI of 42.5, and the CONUT score of 3. Hazard ratios of complete wound
healing were estimated using a Cox proportional hazards model and a competing-risks regression model adjusting for age, sex, body mass index,
haemoglobin A1C, logarithmically transformed C-reactive protein, low-density lipoprotein cholesterol, history of peripheral artery diseases,

cardiovascular diseases, and lower extremity amputations, presence of chronic kidney disease and osteomyelitis, use of antihypertensive agents,
and current smoking.
Hazard ratios per 1-SD increment of complete wound healing as a continuous variable were estimated.
Abbreviations: PNI: prognostic nutritional index, CONUT: controlling nutritional status, HRs: hazard ratios, CI: confidence interval.

Discussion

In this single-center, observational, longitudinal study using a
historical cohort, a lower PNI was significantly associated with
higher incidence of wound healing in patients with DFUs. The
association was independent of other risk factors, and it was
confirmed by both classical survival analysis and a competing
risks model. Results of CONUT score were almost identical, except
for non-significant impact in the multivariate Cox proportional
hazard model. In contrast, there were no associations between
serum albumin levels, whether treated as categorical or
continuous variable, and wound healing in either the multivariate
Cox or Fine and Gray model. To the best of our knowledge, this is
the first report showing that the PNI and the CONUT score may be
independent predictors of wound healing in patients with DFUs.
Because of nutrient loss and poor food intake due to diabetesrelated complications and comorbidities [20], malnutrition is
commonly observed in patients with DFUs. Since nutrition has a
pivotal role in immune modulation, poor nutritional status may
facilitate the development of severe foot infections [21], leading
to increased metabolism and further additional nutrient losses
[22]. Therefore, during the wound healing process,rapid and
precise assessment of nutritional status, adequate energy intake,
and nutrition management are important.

Serum albumin level has been traditionally used as a useful
index for evaluating nutritional status in the clinical setting.
In this study of patients with diabetes, we were unable to find
significant association between serum albumin levels and the
outcome of DFUs in either the classical survival analysis or

competing risks model. Other pathophysiological processes such
as hepatocellular function, renal function, and inflammation may
induce hypoalbuminemia[23], limiting its applicability.

The PNI was designed to evaluate nutritional status using the
serum albumin level and the total lymphocyte count[10]. Various
studies have shown that a PNI is an independent prognostic factor
in patients with cancer, liver cirrhosis, cardiovascular diseases,
and chronic renal failure[14,15,26, 27]. However, no previous
studies have investigated the association between the PNI and
DFUs. The present study found the combination of serum albumin
and the total lymphocyte count suitable for use as a tool that
allows rapid evaluation of the nutritional status of patients with
DFUs. The mechanism underlying the association of a lower total
lymphocyte count with wound healing were unable to elucidate in
the present observational cohort study. One explanation for this
could be related to the severity of inflammation. Lymphocytes
have a modulatory effect on controlling inflammation, such as
sepsis, caused by DFUs[28]. Therefore, lymphocyte counts are
affected by accelerated apoptosis due to a systemic inflammatory
process[29-30]. Meanwhile, lymphocyte counts might simply be
a marker of nutritional status, which is intimately associated with
the immune system. Advanced malnutrition causesdeficiencies
of essential vitamins and essential amino acids, leading to the
depression of cell-mediated or humoral immunity[12]. Taken
together, a lower total lymphocyte count resulting from DFUs
might contribute to further progression of DFUs in a vicious cycle.
The CONUT score is a screening tool also for evaluating nutritional
status calculated from serum albumin and the total lymphocyte
count, in addition to the total cholesterol level[11].As with the
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PNI, the CONUT score has been proven useful for the prediction
of the prognosis of various diseases[12,13, 16]. A low cholesterol
level is associated with a low lipoprotein levels, which reflect
malnutrition. Studies have shown that total cholesterol levels
could be associated with prognosis in patients with sepsis[31].
In the present study, many patients were treated with antilipemic
agents, affecting serum cholesterol levels. A Japanese report
showed that statin use did not affect the CONUT score in patients
with type 2 diabetes, because the CONUT score was more affected
by the serum albumin level[32]. Therefore, the present study’s
findings may have been unaffected by the antilipemic agents.
Further studies on the association between the CONUT score and
antilipemic agents are needed.
The present study has several limitations. First, the present
findings were based on analyses using a historical cohort. Second,
this study was carried out in a single urban university hospital,
limiting the generalizability of the results. Third, this study was
performed using a small cohort. Finally, time-dependent changes
in the parameters during the follow-up period were not evaluated.

Conclusion

The present study showed that both the PNI and the CONUT
score were novel clinical predictors forwound healing in patients
with DFUs. Since serum albumin level alone had little impact on
the outcome, immune function, rather than nutritional status,
may be more crucial in the process of wound healing. The
management of DFUs, emphasizing an approach that includes
improving nutritional status as well as and assessing immune
function is considered important.
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