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                     Abstract 
  Background     Novel topical esmolol is shown to signifi cantly improve wound healing than standard of care. Certain patient-

related factors especially anemia and poor glycemic control may impede wound healing. 

   Objective     To study whether novel topical esmolol may circumvent patient-related factors to improve wound healing in 

diabetic foot ulcer (DFU). 

   Methods     The present study is a double-blind, vehicle (placebo)-controlled, randomized clinical trial in subjects with non-

infected DFU of University of Texas grade 1A and 1C. Participants were randomized to receive either topical esmolol gel 

(Galnobax) with standard of care (SoC), SoC only, and vehicle (Placebo) with SoC in 3:3:1 proportion. The hematologic 

and biochemistry parameters were evaluated at the screening visit and at every 4 weeks after randomization during treatment 

phase and at the end of the study (EOS). Outcome was the proportion of complete ulcer closure with reference to baseline 

hemoglobin, albumin, and HbA1c during the 12-week treatment phase. 

   Results     A total of 176 subjects were included. Ninety-four out of 140 participants (67.1%) had anemia at baseline. Among 

anemic participants, 57.4% ulcers closed in the Galnobax group whereas 42.6% closed in the SoC only group during the 

12-week treatment phase ( p  = 0.148, OR = 1.823, 95% CI = 0.80–4.13). One-third participants reported albumin < 4.0 g/dL. 

Among participants having albumin < 4.0 g/dL (one-third of participants), the proportion of ulcer closure was 60.9% in the 

Galnobax group compared to 42.1% in the SoC only group ( p  = 0.225, OR = 2.139, 95% CI = 0.62–7.37). The proportion 

of ulcer closure in Galnobax with the SoC group was higher (72.5%) compared to the SoC only group (43.5%) ( p  = 0.0067, 

OR = 3.427, 95% CI = 1.38–8.48) in participants with poor glycemic control (HbA1c > 8%). 

   Conclusions     Novel topical esmolol with SoC treatment exhibited signifi cant DFU healing independent of patient-related 

factors including anemia, hypoalbuminemia, and poor glycemic control. 

    Keywords     Diabetes    ·  Wound helaing    ·  Esmolol    ·  Novel    ·  Topical    ·  Diabetic foot ulcer    ·  Anemia    ·  Glycemic control  

      Introduction 

 Wound healing is known to be impaired in anemia particu-

larly in diabetic foot ulcer (DFU). In patients with diabe-

tes, anemia is more common due to various factors such as 

poor nutrition, prevalent diabetic nephropathy, or chronic 

infl ammation, increased levels of advanced glycation end 

products (AGEs), erythropoietin hypo-responsiveness, 

eff ects of oxidative stress, and certain anti-diabetic medica-

tions including pioglitazone [ 1 ,  2 ]. It has previously been 

observed that non-healing ulcers are prevalent (53.8%) in 

people with anemia compared to (29.1%) those without ane-

mia ( p  < 0.001) leading to higher amputation rates [ 3 ,  4 ]. 

Another study demonstrated that hemoglobin < 11 g/dL is 

the most important independent factor for major amputation 

and death in DFU [ 5 ]. Further, Xie et al. in univariate analy-

sis found that hemoglobin level was a predictor of mortality 

after amputation suggesting that lower hemoglobin is associ-

ated with poor wound healing [ 6 ]. 

 Similarly, normal levels of albumin are required for 

appropriate wound healing as albumin is necessary for the 

repair and regeneration of tissues, including the tissues in 

the foot [ 7 ,  8 ]. Low serum albumin impairs the production 
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of collagen and hampers binding to and neutralizing toxins 

produced by bacteria aff ecting the ability to fi ght infection 

[ 9 ]. Also, good glycemic control is likely to hasten wound 

healing. However, few clinical studies and subsequent meta-

analysis showed no signifi cant association between baseline 

HbA1c and wound healing [ 10 ]. A prospective study carried 

out in DFU [ 11 ] showed good correlation of HbA1c (< 7 

mmol/L) with proportion of healing as well as time to heal-

ing of ulcer. 

 The association between HbA1c and wound outcomes in 

patients with DFUs has been investigated by several groups, 

and no consensus has been arrived. A retrospective analysis 

of patients with DFU did not show a clinically meaningful 

relation of ulcer healing with baseline or prospective HbA1c 

[ 12 ]. A recent meta-analysis of glycemic control with heal-

ing of DFU showed no association with HbA1c, and there 

was no compelling evidence to support tight glycemic con-

trol for improving DFU healing [ 13 ]. Thus, maintaining 

adequate hemoglobin, albumin, as well as glycemic control 

is important for the healing of diabetic foot ulcers. 

 Recently, a novel DFU treatment option in terms of topi-

cal gel of esmolol hydrochloride has been found eff ective 

for diabetic foot wound healing in phase 1–3 studies [ 14 , 

 15 ]. In the phase 3 study, the proportion of DFU closure was 

signifi cantly more in esmolol hydrochloride when added to 

standard of care (SoC) compared with the SoC only group. 

We report additional analysis by investigating the eff ect of 

baseline hemoglobin, albumin, and HbA1c levels on heal-

ing of DFU during the treatment phase of topical gel of 

esmolol hydrochloride. Moreover, we further explored any 

increase in the proportion of ulcer closure upon improve-

ment in hemoglobin and albumin levels during treatment 

phase from the baseline. 

    Methods and Materials 

 The present study is a double-blind, vehicle (placebo)-con-

trolled, randomized clinical trial to investigate the effi  cacy 

and safety of topical esmolol hydrochloride gel (Galnobax) 

treatment in subjects with DFU stratifi ed on the basis of 

baseline hemoglobin, albumin, and glycemic control. This 

study was conducted in subjects with non-infected diabetic 

foot ulcers of grade 1A and 1C in 176 subjects [ 14 ]. The 

study included three groups, viz., topical esmolol gel (Gal-

nobax) with SoC, SoC only, and vehicle (Placebo) with SoC 

in 3:3:1 proportion and twice daily administration of treat-

ment. Being a double-blind study, the participants, investi-

gator, and nurse performing application of gel were blinded 

to the randomization. Interactive web response system was 

utilized for randomization into three groups in the ratio of 

3:3:1 as detailed earlier [ 15 ]. 

 The study had three phases: screening phase (7 to 10 days 

from screening), treatment phase (up to 12 weeks starting 

from baseline visit with weekly visit to site by the subject), 

and follow-up phase (total of 12 weeks with site visits at 

week 2, week 4, week 8, and week 12 from the end of treat-

ment). The primary outcome was the proportion of ulcer 

closure at EOT in Galnobax with SoC against the SoC 

only group. Target ulcer closure was defi ned as 100% re-

epithelialisation without drainage or dressing requirement, 

confi rmed on two consecutive site visits (2 weeks apart) 

from the fi rst observation of closure. In this study, effi  cacy 

was evaluated in treatment groups of Galnobax with SoC 

against SoC only having 140 subjects in full analysis set 

(FAS) population. The SoC included wound cleaning by 

normal saline, maintenance of moist wound environment, 

and off -loading of the target ulcer. In addition, during site 

visits, the removal of necrotic, infected, and/or nonviable tis-

sue by debridement and management of infection was done 

by the investigator, if required. 

 The hematologic and biochemistry parameters were 

evaluated at the screening visit and at every 4 weeks after 

randomization during the treatment phase and at the end of 

the study (EOS). The HbA1c was evaluated at screening 

visit, week 12 or end of treatment (EOT) as well as at week 

24 or EOS. Hemoglobin < 13gm/dL (men) < 12 gm/dL 

(women) was considered anemia, serum albumin < 4 gm/

dL as hypoalbuminemia, and HbA1c > 8% as poor glycemic 

control. For the present study, the proportion of complete 

ulcer closure was assessed with reference to baseline hemo-

globin, albumin levels, and HbA1c as well as change in these 

levels from baseline during the 12-week treatment phase in 

two groups, viz Galnobax with SoC and SoC only. 

    Results 

   Wound healing outcomes based on anemia 

 The phase 1/2 study’s fi ndings, which showed 60% ulcer 

closures with esmolol and 14% gel with SoC, compared with 

39% with SoC alone, were used to determine the sample 

size [ 14 ]. 

 In this study, 94 out of 140 participants (67.1%) had ane-

mia, whereas 46 participants had no anemia at the baseline. 

As shown in Table  1 , among anemic participants, 57.4% 

ulcers (i.e., 27 ulcers out of 47) closed in Galnobax with the 

SoC group whereas only 42.6% (20 out of 47 ulcers) closed 

in the SoC only group during 12-week treatment phase 

( p  = 0.148, OR = 1.823, 95% CI = 0.80–4.13). In non-

anemic participants, 66.7% ulcers (i.e., 14 ulcers out of 21) 

closed in Galnobax with the SoC group whereas only 40.0% 

(10 out of 25 ulcers) closed in the SoC only group during 

12-week treatment phase ( p  = 0.071, OR = 3.000, 95% CI 
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= 0.89–10.06). Among anemic males, 20 ulcers out of 32 

(62.5%) closed within 12-week treatment in Galnobax with 

the SoC group, whereas only 10 ulcers out of 31 (32.2%) 

closed in the SoC only group ( p  = 0.0163, OR = 3.50, 95% 

CI = 1.24–9.89). Overall wound healing is better with topi-

cal esmolol irrespective of the presence of anemia. However, 

the proportion of ulcer closure is higher in male participants 

with anemia following Galnobax application.  

    Wound healing outcomes based on albumin 

 In this study, 42 out of 140 participants (30%) reported albu-

min below 4.0 g/dL, whereas 98 participants had albumin 

≥ 4.0 g/dL at the baseline. As shown in Table  1 , among 

participants having albumin < 4.0 g/dL, the proportion of 

ulcer closure was 60.9% (14/23 participants) in Galnobax 

with the SoC group compared to that in the SoC only group 

(8/19 = 42.1%) during 12-week treatment phase ( p  = 0.225, 

OR = 2.139, 95% CI = 0.62–7.37). For participants hav-

ing albumin ≥ 4.0 g/dL, the proportion of ulcer closure in 

Galnobax with the SoC group was 60% (27 ulcers out of 45) 

compared to the SoC only group of 41.5% (i.e., 22 ulcers out 

of 53) during 12-week treatment phase ( p  = 0.068, OR = 

2.114, 95% CI = 0.94–4.75). 

    Wound healing outcomes based on HbA1c 

 In this study, 54 out of 140 participants (38.6%) reported 

HbA1c ≤ 8%, whereas 86 participants had HbA1c > 8% at 

the baseline. As shown in Table  1 , the proportion of ulcer 

closure was similar in Galnobax with the SoC group (11/28 

= 42.9%) and SoC only group (10/26 = 38.5%) in subjects 

with HbA1c ≤ 8%. On the other hand, for subjects with 

poor glycemic control (HbA1c > 8%), the proportion of 

ulcer closure in Galnobax with the SoC group was higher 

(29/40 = 72.5%) compared to the SoC only group (20/46 = 

43.5%) and signifi cant ( p  = 0.0067, OR = 3.427, 95% CI = 

1.38–8.48). 

    Change in hemoglobin, albumin, and HbA1c 
during 12-week treatment phase 

 We investigated the eff ect of administered treatment when 

these parameters improved in the participants during the 

treatment phase from baseline (i.e., Hb and albumin in treat-

ment ≥ V1 and HbA1c in treatment ≤ V1). Table  2  shows 

that Galnobax with SoC treatment had signifi cant advantage 

over SoC only treatment when hemoglobin, albumin, and 

HbA1c levels are maintained or improved over baseline dur-

ing the treatment phase of the study. As shown in Table  2 , 

the diff erence of proportion of ulcer closure in Galnobax 

with SoC as against SoC only for each parameter was higher 

than the overall diff erence in closure (18.6%).  

 We also investigated the proportion of participants who 

had their target ulcer closed or not during the 12-week treat-

ment phase when hemoglobin, albumin, and HbA1c levels get 

worse from baseline when measured at weeks 4, 8, and 12 in 

the two groups. Table  3  shows that for subjects in Galnobax 

  Table 1       Target ulcer closure 

within 12 weeks considering 

various subgroups based on 

baseline parameters of factors 

associated with wound healing  

  Subgroup    Galnobax ® +SoC clo-

sure  N /total  N  (%)  

  SoC only closure  N /
total  N  (%)  

   p -value, OR (95% CI) [ 1 ]  

  Anemic    27/47 (57.4%)    20/47 (42.6%)    0.15, 1.823 (0.80–4.13)  

  Non-anemic    14/21 (66.7%)    10/25 (40.0%)    0.07, 3.000 (0.89–10.06)  

  Males Hb < 13.5 g/dL    20/32 (62.5%)    10/31 (32.3%)    0.02, 3.500 (1.24–9.89)  

  Females Hb < 12.5 g/dL    7/15 (46.7%)    10/16 (62.5%)    0.32, 0.525 (0.13–2.20)  

  Males Hb ≥ 13.5 g/dL    11/18 (61.1%)    8/18 (44.4%)    0.32, 1.964 (0.52–7.41)  

  Females Hb ≥ 12.5 g/dL    3/3 (100%)    2/7 (28.6%)    0.43, 15.400 (0.56–425.55)  

  Albumin < 4 g/dL    14/23 (60.9%)    8/19 (42.1%)    0.23, 2.139 (0.62–7.37)  

  Albumin ≥ 4 g/dL    27/45 (60.0%)    22/53 (41.5%)    0.07, 2.114 (0.94–4.75)  

  HbA1c ≤ 8%    12/28 (42.9%)    10/26 (38.5%)    0.74, 1.200 (0.40–3.56)  

  HbA1c > 8%    29/40 (72.5%)    20/46 (43.5%)    0.007, 3.427 (1.38–8.48)  

  Table 2       Proportion of ulcer closure when hemoglobin, albumin, and HbA1c parameters improve from baseline during the treatment phase for 

Galnobax with SoC and SoC only treatments  

  Parameter/treatment    Galnobax + SoC ( N  = 68)    SoC only ( N  = 72)     p -value (OR, 95% CI)  

  Hb in treatment ≥ V1 (baseline)    29/48 (60.4%)    19/48 (39.6%)    0.041 (2.33, 1.03–5.28)  

  Albumin in treatment ≥ V1 (baseline)    29/44 (65.9%)    23/51 (45.1%)    0.042 (2.35, 1.02–5.41)  

  HbA1c in treatment ≤ V1 (baseline)    27/40 (67.5%)    19/48 (39.6%)    0.009 (3.17, 1.32–7.63)  
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with the SoC group, a signifi cant proportion of participants 

had their ulcers open (77.8% not closed) having Hb level less 

than baseline during the treatment phase (at any of weeks 4, 8, 

and 12), whereas correspondingly only 39% subjects had their 

ulcers closed ( p  = 0.002). Similarly, for subjects whose albu-

min levels during treatment phase were less than the baseline 

values, a signifi cant proportion of subjects were from open 

ulcers (70.4%) whereas only 43.9% subjects from closed ulcers 

exhibited reduction in albumin for subjects in Galnobax with 

the SoC group ( p  = 0.032).  

 For subjects whose HbA1c levels during treatment phase 

were greater than the baseline values, a high proportion of 

subjects were from open ulcers (51.9%) whereas only 34.1% 

subjects from closed ulcers exhibited an increase in HbA1c 

for subjects in Galnobax with SoC group ( p  = 0.147). Table  3  

shows that in the SoC only group, the proportion of subjects 

having hemoglobin and albumin lower than baseline during 

treatment phase in open as well as closed ulcers was similar 

( p  > 0.05). Similar was observed for the SoC only group when 

HbA1c was more than baseline during treatment phase in 

open as well as closed ulcers (36.7% in closed vs 31% in open 

ulcers,  p  = 0.612). Table  3  shows that worsening of hemo-

globin, albumin, and HbA1c levels has signifi cant impact in 

Galnobax with SoC treatment compared with SoC only treat-

ment. Twenty-one ulcers were not healed in Galnobax + SoC 

when with Hb in treatment < 1; if appropriate treatment for the 

increase in Hb is provided, 60.4% of these ulcers, i.e., 13 ulcers 

are expected visit 1 heal (Table  2 ), leading to total ulcers that 

may heal would be (41 + 13 = 54 out 68) 79.4%. Further, 19 

ulcers were not healed in Galnobax + SoC when with albumin 

in treatment < visit 1; if appropriate treatment for the increase 

in albumin is provided, 65.9% of these ulcers, i.e., 13 ulcers are 

expected to heal, leading to total ulcers that may heal would be 

(41 + 13 = 54 out 68) 79.4% (Table  2 ). 

     Discussion 

 This is the fi rst assessment of the eff ect of presenting 

hemoglobin, albumin, and glycemic control on healing 

of DFUs comparing topical esmolol hydrochloride with 

SoC against SoC only treatment. The study showed that 

topical esmolol with SoC treatment exhibited signifi cant 

DFU healing over SoC only treatment for subjects that 

are anemic or have poor glycemic control (HbA1c > 8%). 

 Anemia can reduce the amount of oxygen that is deliv-

ered to the tissues, delay the repair of damaged tissues, and 

impair the immune system’s ability to fi ght off  infections; 

all these factors are essential for the healing of diabetic 

foot ulcers (DFU) [ 3 ]. Gezawa ID et al. in a cohort of 336 

patients with diabetes hospitalized for DFU found a sig-

nifi cant association between anemia and poor wound heal-

ing, amputation, and mortality [ 16 ]. In diabetic patients 

having microvascular complications, reduced hemoglobin 

cannot be compensated by increasing peripheral perfusion 

or vasoreactivity and elevating erythropoietin [ 17 ,  18 ]. In 

DFU patients, oxygen delivery to the wound tissue may 

be achieved by facilitating angiogenesis in granulation 

tissue through vasodilation by enhancing inducible nitric 

oxide. As reported recently by Kulkarni et al. [ 19 ], topical 

esmolol hydrochloride gel (Galnobax) induces nitric oxide 

in wound tissue of diabetic rats thereby enhancing angio-

genesis in granulation tissue, which may be the reason for 

healing of ulcers in a signifi cant proportion of subjects 

with Galnobax with SoC against SoC only treatment in 

patients with anemia. 

 Low levels of albumin can impair the ability to repair 

wound tissues by reducing the transport of nutrients to the 

tissues necessary for wound healing. Hypoalbuminemia 

can also impair the absorption of oral drugs preventing 

wound healing. Even, albumin infusion has been shown 

to improve NF- κ B signaling and reduce pro-infl amma-

tory cytokines in rats that aids in wound healing [ 20 ]. 

Nagachinta et al. found an association between serum albu-

min less than 3.9 g/dL and wound infection [ 21 ]. Accord-

ing to Foley et al. [ 22 ], the postoperative complication 

rate was higher when albumin was lower than 2.5 g/dL ( p  
< 0.001). Similar observation is reported for hemoglobin 

and albumin during the healing of DFU. We observed a 

statistically signifi cant healing with topical esmolol gel 

over SoC only treatment when hemoglobin, albumin, and 

HbA1c are maintained or improved during the treatment 

  Table 3       Proportion of participants in the study in the category of closed or open (not closed) ulcers with change in hemoglobin, albumin, and 

HbA1c for Galnobax with SoC and SoC only treatments  

    Galnobax + SoC    SoC only  

  Parameter    In closed ulcers (41)    In not closed ulcers (27)     p -value    In closed ulcers (30)    In not closed ulcers (42)     p -value  

  Hb in treatment < V1 

(baseline)  

  16/41 (39.0%)    21/27 (77.8%)    0.002    15/30 (50.0%)    25/42 (59.5%)    0.423  

  Albumin in treatment < V1 

(baseline)  

  18/41 (43.9%)    19/27 (70.4%)    0.032    23/30 (76.7%)    31/42 (73.8%)    0.783  

  HbA1c in treatment > V1 

(baseline)  

  14/41 (34.1%)    14/27 (51.9%)    0.147    11/30 (36.7%)    13/42 (31.0%)    0.612  
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phase. The present analysis revealed a signifi cant propor-

tion of subjects had open or unhealed ulcers when hemo-

globin and albumin during treatment worsened from the 

baseline as against the subjects having their ulcers closed. 

Based on this, an estimate for enhanced healing of DFU 

by topical esmolol gel with SoC treatment due to improve-

ment in hemoglobin and albumin levels has been obtained. 

This clearly shows that the proportion of ulcer closure is 

higher in topical esmolol gel with the SoC group vs SoC 

only group at baseline for subjects with albumin either 

greater or less than 4.0 g/dL. 

 Treatment of anemia may include dietary changes, iron 

supplementation, or blood transfusions, depending on the 

severity and underlying cause of the anemia. For enhanc-

ing serum albumin during treatment, increasing proteins 

in diet may be useful. By addressing anemia and albumin 

early in DFU treatment, healthcare providers can improve 

the chances of successful wound healing and reduce the risk 

of complications associated with diabetic foot ulcers. The 

enhancement in ulcer closure may reach up to 79.4% from 

the current 60.3% if hemoglobin, albumin, and glycemic 

control are maintained or improved from the baseline lev-

els. The results of the present study suggest maintaining or 

enhancing hemoglobin and albumin during treatment admin-

istration of topical esmolol gel with SoC in regular practice. 

 Good glycemic control has been considered one of the 

tenets for wound healing despite limited evidence for the 

assumption [ 23 ]. Poor glycemic control (HbA1c > 8%) is not 

associated with amputation risk in people presenting with 

fi rst neuropathic foot ulcer [ 24 ]. But that does not undermine 

the utility of intensive glucose management. We observed 

that topical esmolol therapy when added to SoC was eff ec-

tive for wound healing even in patients with poor glycemic 

control at presentation. 

 If appropriate dietary changes or treatments are provided 

to subjects on topical esmolol therapy with SoC treatment 

for enhancing hemoglobin and albumin, about 79.4% ulcers 

are expected to close which is about 19.1% higher than 

that observed during phase 3 study [ 14 ]. In subjects with 

controlled HbA1c (< 7mmol/L), 48% ulcers achieved com-

plete healing whereas in subjects with elevated HbA1c (> 

10 mmol/L), only 23% ulcers healed within 3 months [ 11 ]. 

Thus, topical esmolol gel with SoC performs better than 

SoC only treatment for subjects with poor glycemic control. 

    Conclusion 

 Despite the presence of factors such as anemia, hypoalbu-

minemia, and poor glycemic control, which signifi cantly 

impairing wound healing in patients with DFU, treatment 

with novel topical esmolol (Galnobax) with SoC exhibited 

signifi cant DFU healing in subjects with non-infected dia-

betic foot ulcers of UT grade 1A and 1C at 12 weeks of treat-

ment as compared to SoC. Thus, topical esmolol is a novel 

approach in the treatment of non-infected DFU. 

     

  Author contribution     All authors contributed to the study conception 

and design. Material preparation, data collection, and analysis were 

performed by Sudhir Kulkarni and Ashu Rastogi. The fi rst draft of the 

manuscript was written by Sudhir Kulkarni and Ashu Rastogi, and all 

authors commented on previous versions of the manuscript. All authors 

read and approved the fi nal manuscript.  

  Data Availability     Data pertaining to the manuscript is available on rea-

sonable request from corresponding author.  

  Declarations    

   Ethics approval and consent to participate     Involved human partici-

pants. A written and informed consent was obtained from all partici-

pants. 

    Conflict of interest     Dr. Sudhir Kulkarni has the patent of the topical 

preparation of Esmolol (Galnobax). The authors declare no confl ict 

of interest.   

  References 

      1.                                                      Pradeepa R, Shreya L, Anjana RM, et  al. Frequency of iron 

defi ciency anemia in type 2 diabetes - insights from tertiary 

diabetes care centres across India. Diabetes Metab Syndr. 

2022;16(11):102632.   https:// doi. org/ 10. 1016/j. dsx. 2022. 102632    .  

      2.                                                            Taderegew MM, Gebremariam T, Tareke AA, Woldeamanuel GG. 

Anemia and its associated factors among type 2 diabetes mellitus 

patients attending Debre Berhan Referral Hospital, North-East 

Ethiopia: a cross-sectional study. J Blood Med. 2020;11:47–58. 

  https:// doi. org/ 10. 2147/ JBM. S2432 34    .  

      3.                                               Guo S, Dipietro LA. Factors aff ecting wound healing. J Dent Res. 

2010;89(3):219–29.   https:// doi. org/ 10. 1177/ 00220 34509 359125    .  

      4.                                                                               Chuan F, Zhang M, Yao Y, Tian W, He X, Zhou B. Anemia in 

patients with diabetic foot ulcer: prevalence, clinical characteris-

tics, and outcome. Int J Low Extrem Wounds. 2016;15(3):220–6. 

  https:// doi. org/ 10. 1177/ 15347 34616 660224    .  

      5.                                                                                  Costa RHR, Cardoso NA, Procópio RJ, Navarro TP, Dardik A, de 

Loiola CL. Diabetic foot ulcer carries high amputation and mortal-

ity rates, particularly in the presence of advanced age, peripheral 

artery disease and anemia. Diabetes Metab Syndr. 2017;11(Suppl 

2):S583–7.   https:// doi. org/ 10. 1016/j. dsx. 2017. 04. 008    .  

      6.                                                                         Xie Y, Zhang H, Ye T, Ge S, Zhuo R, Zhu H. The geriatric nutri-

tional risk index independently predicts mortality in diabetic 

foot ulcers patients undergoing amputations. J Diabetes Res. 

2017;2017:5797194.   https:// doi. org/ 10. 1155/ 2017/ 57971 94    .  

      7.     Busher JT. Serum albumin and globulin. In: Walker HK, Hall 

WD, Hurst JW, editors. Clinical Methods: The History, Physical, 

and Laboratory Examinations. 3rd edition. Boston: Butterworths; 

1990. Chapter 101. Available from:   https:// www. ncbi. nlm. nih. 

gov/ books/ NBK204/    .  

      8.                                                         Cheng P, Dong Y, Hu Z, et al. Biomarker prediction of postoperative 

healing of diabetic foot ulcers: a retrospective observational study of 

serum albumin. J Wound Ostomy Continence Nurs. 2021;48(4):339–

44.   https:// doi. org/ 10. 1097/ WON. 00000 00000 000780    .  



74 International Journal of Diabetes in Developing Countries (January–March 2025) 45(1):69–74

      9.                                                    Soedjana H, Lukman K, Harianti S. Relationship between 

serum albumin levels and the outcome of split-thickness 

skin graft in burn injury patients. Ann Burns Fire Disasters. 

2021;34(2):157–62.  

      10.                                                                       Margolis DJ, Kantor J, Santanna J, Strom BL, Berlin JA. Risk 

factors for delayed healing of neuropathic diabetic foot ulcers: a 

pooled analysis. Arch Dermatol. 2000;136(12):1531–5.   https:// 

doi. org/ 10. 1001/ archd erm. 136. 12. 1531    .  

      11.                                                         AlGoblan A, Alrasheedi I, Basheir O, Haider K. Prediction of 

diabetic foot ulcer healing in type 2 diabetic subjects using routine 

clinical and laboratory parameters. Res Rep Endocrine Disord. 

2016;6:11–6.  

      12.                                                         Fesseha BK, Abularrage CJ, Hines KF, et al. Association of hemo-

globin  A 1c  and wound healing in diabetic foot ulcers. Diabetes 

Care. 2018;41(7):1478–85.   https:// doi. org/ 10. 2337/ dc17- 1683    .  

      13.                                                      Lane KL, Abusamaan MS, Voss BF, et al. Glycemic control and dia-

betic foot ulcer outcomes: a systematic review and meta-analysis of 

observational studies. J Diabetes Complications. 2020;34(10):107638. 

  https:// doi. org/ 10. 1016/j. jdiac omp. 2020. 107638    .  

      14.                                                                                   Rastogi A, Kulkarni S, Deshpande S, Driver V, Berman H, Bal 

A, Deshmukh M, Nair H. Novel topical esmolol hydrochloride 

(Galnobax) for diabetic foot wound: phase 1 /2, multicentre, ran-

domized, double-blind, vehicle-controlled, parallel-group study. 

Adv Wound Care (New Rochelle). 2022.   https:// doi. org/ 10. 1089/ 

wound. 2022. 0093    .  

      15.                                                      Rastogi A, Kulkarni SA, Agarwal S, et al. Topical esmolol hydrochlo-

ride as a novel treatment modality for diabetic foot ulcers: a phase 3 

randomized clinical trial. JAMA Netw Open. 2023;6(5):e2311509. 

  https:// doi. org/ 10. 1001/ jaman etwor kopen. 2023. 11509    .  

      16.     Gezawa ID, Ugwu ET, Ezeani I, Adeleye O, Okpe I, Enamino 

M. Anemia in patients with diabetic foot ulcer and its impact on 

disease outcome among Nigerians: results from the MEDFUN 

study. PLoS One. 2019;14(12):e0226226. Published 2019 Dec 

17.   https:// doi. org/ 10. 1371/ journ al. pone. 02262 26    .  

      17.                                                                    Khanbhai M, Loukogeorgakis S, Wright J, Hurel S, Richards T. 

Anaemia, infl ammation, renal function, and the diabetic foot: what 

are the relationships. Diabetic Foot J. 2012;15(4):150–8.  

      18.                                                         Haroon ZA, Amin K, Jiang X, Arcasoy MO. A novel role for 

erythropoietin during fi brin-induced wound-healing response. Am 

J Pathol. 2003;163:993–1000.  

      19.                                                 Kulkarni SA, Deshpande SK, Rastogi A. Novel topical esmolol 

hydrochloride improves wound healing in diabetes by inhibiting 

aldose reductase, generation of advanced glycation end products, 

and facilitating the migration of fi broblasts. Front Endocrinol 

(Lausanne). 2022;13:926129.   https:// doi. org/ 10. 3389/ fendo. 2022. 

926129    .  

      20.                                                    Utariani A, Rahardjo E, Perdanakusuma DS. Eff ects of albu-

min infusion on serum levels of albumin, proinflammatory 

cytokines (TNF- α , IL-1, and IL-6), CRP, and MMP-8; tis-

sue expression of EGRF, ERK1, ERK2, TGF- β , collagen, and 

MMP-8; and wound healing in Sprague Dawley rats. Int J Infl am. 

2020;20(2020):3254017.   https:// doi. org/ 10. 1155/ 2020/ 32540 17    .  

      21.                                                               Nagachinta T, Stephens M, Reitz B, Polk BF. Risk factors for 

surgical-wound infection following cardiac surgery. J Infect Dis. 

1987;156(6):967–73.   https:// doi. org/ 10. 1093/ infdis/ 156.6. 967    .  

      22.                                                                       Foley EF, Borlase BC, Dzik WH, Bistrian BR, Benotti PN. Albu-

min supplementation in the critically ill: a prospective, rand-

omized trial. Arch Surg. 1990;125(6):739–42.   https:// doi. org/ 10. 

1001/ archs urg. 1990. 01410 18006 3012    .  

      23.                                                 Dutta A, Bhansali A, Rastogi A. Early and intensive gly-

cemic control for diabetic foot ulcer healing: a prospective 

observational nested cohort study. Int J Low Extrem Wounds. 

2021;19:15347346211033458.   https:// doi. org/ 10. 1177/ 15347 

34621 10334 58    .  

      24.                                                                                                         Rastogi A, Goyal G, Kesavan R, Bal A, Kumar H, Mangalanad-

anam P, Kamath P, Jude EB, Armstrong DG, Bhansali A. Long 

term outcomes after incident diabetic foot ulcer: multicenter 

large cohort prospective study (EDI-FOCUS investigators) epi-

demiology of diabetic foot complications study: epidemiology 

of diabetic foot complications study. Diabetes Res Clin Pract. 

2020;162:108113.   https:// doi. org/ 10. 1016/j. diabr es. 2020. 108113    .   

  Publisher's Note     Springer Nature remains neutral with regard to 

jurisdictional claims in published maps and institutional affi  liations.  

 Springer Nature or its licensor (e.g. a society or other partner) holds 

exclusive rights to this article under a publishing agreement with the 

author(s) or other rightsholder(s); author self-archiving of the accepted 

manuscript version of this article is solely governed by the terms of 

such publishing agreement and applicable law.  



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.01667
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.03333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 2250
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (sRGB IEC61966-2.1)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<


    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 6.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>


    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


		2025-02-10T11:15:45+0000
	Preflight Ticket Signature




