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Introduction: Diabetic peripheral neuropathy (DPN) is a common complication of both type 1 (T1D) and type 2 diabetes (T2D). No cure for DPN is available, but several potential targets have been proposed for treatment. Heat shock proteins (HSPs) are known to respond to both hyper- and hypoglycemia. DPN can be diagnosed using electrophysiology and studied using peripheral nerve biopsies.

Aim: This study aimed to analyze the presence and patterns of HSPs in peripheral nerve biopsies from subjects with T1D, T2D, and healthy controls.

Methods: Posterior interosseous nerves (PIN) from a total of 56 subjects with T1D (n = 9), with T2D (n = 24), and without diabetes (i.e., healthy controls, n = 23) were harvested under local anesthesia and prepared for quantitative mass spectrometry analysis. Protein intensities were associated with electrophysiology data of the ulnar nerve and morphometry of the same PIN, and differences in protein intensities between groups were analyzed.

Results: In total, 32 different HSPs were identified and quantified in the nerve specimens. No statistically significant differences were observed regarding protein intensities between groups. Furthermore, protein intensities did not correlate with amplitude or conduction velocity in the ulnar nerve or with the myelinated nerve fiber density of PIN.

Conclusion: Quantitative proteomics can be used to study HSPs in nerve biopsies, but no clear differences in protein quantities were observed between groups in this cohort.
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1. Introduction

Diabetes is a global pandemic, with an estimated prevalence of approximately 537 million affected people, diagnosed either as type 1 diabetes (T1D) or type 2 diabetes (T2D) (IDF, 2021). Numbers are expected to rise over the years to come. With an increase in prevalence, also the socioeconomic burden on healthcare systems, connected to the management of diabetes and its complications, will escalate.

Neuropathies and nerve compression disorders, such as carpal tunnel syndrome and ulnar nerve compression at the elbow, are common complications to both T1D and T2D (Rydberg et al., 2020), with distal symmetric polyneuropathy, i.e., diabetic peripheral neuropathy (DPN), being the most common complication (Feldman et al., 2019). DPN is closely connected to the development of diabetic foot ulcers, is known to decrease the quality of life in the affected people, and causes great monetary loss (Feldman et al., 2019; Kerr et al., 2019). Diabetes with its neuropathy may also cause peripheral nerves to be more susceptible to nerve compression disorders (Upton and McComas, 1973). The gold-standard method of diagnosing DPN is based on an abnormal nerve conduction study, i.e., electrophysiology (Tesfaye et al., 2010). Although much is known about DPN and its pathogenesis, a lot remains to be explained. Hyperglycemia, dyslipidemia, and insulin resistance have been shown to initiate co-existing pathways, such as the protein kinase C (PKC), polyol, advanced glycation end products (AGE), and hexosamine pathways, which together contribute to inflammation, increased oxidative stress, mitochondrial dysfunction, and altered gene expressions (Feldman et al., 2017, 2019). However, since enhanced glucose control has been shown to be effective in preventing DPN among T1D subjects but has limited effect on DPN in T2D, the differences of DPN in T1D compared to T2D have been emphasized (Callaghan et al., 2012; Jaiswal et al., 2017).

Emerging evidence suggests an essential role for HSPs in neural physiology in the central nervous system (Stetler et al., 2010; de Los Reyes and Casas-Tintó, 2022). In addition to the pathogenic pathways mentioned above, the impact of heat shock proteins (HSPs) has been described in the development of DPN (Feldman et al., 2019). Targeting HSPs has been proposed as a promising strategy in the treatment of DPN in mice by reducing oxidative stress and improving mitochondrial function (Farmer et al., 2012; Urban et al., 2012; de Los Reyes and Casas-Tintó, 2022). HSPs are molecular chaperones mainly serving to maintain cellular homeostasis by folding new, and old misfolded, proteins into functional proteins and clearing misfolded proteins by initiating their degradation (Chaudhury et al., 2021). Following cellular stress, the transcription of HSPs may be upregulated by the transcription factor heat shock factor-1 to reduce the damaging impact of cellular stress (Chaudhury et al., 2021).

Biopsy of the sural nerve represents the gold standard for the study of the morphometry of nerve fibers in DPN (Malik, 2014). Previous studies have been able to show early signs of DPN in the sural nerve among subjects with T1D or T2D (Malik et al., 2005). The changes included paranodal and segmental de- and re-myelination, but initially without axonal degeneration, indicating Schwann cells to be a key target in DPN (Malik et al., 2005). Furthermore, de- and re-generation of small nerve fibers were observed (Malik et al., 2005). Studies on biopsies of the posterior interosseous nerve (PIN), located uncompressed at the dorsal aspect of the forearm just proximal to the wrist, have been demonstrated as an alternative to a sural nerve biopsy in DPN due to its accessibility and minimal postoperative complications (Thomsen et al., 2009a,b). However, PIN biopsies may potentially show less structural pathology compared to the sural nerve in the same subject since PIN is potentially in a more vascularized limb and not as distally located (Dahlin; personal observation). DPN is typically presenting in a stocking and glove pattern with the distal-most nerves affected first.

Evidence of the use of proteomics to study DPN is scarce. Studies on the proteome of dorsal root ganglion neurons from diabetic rats and appropriate controls suggest altered proteomes in the mitochondrion and dysfunction of the respiratory chain (Akude et al., 2011; Dobrowsky, 2016; Leal-Julià et al., 2022). Several challenges arise from studying the full proteome of a cell or tissue, such as high volumes of data, the complex nature of proteomes, and the dynamic nature of the proteome (Manzoni et al., 2018). We have previously described the full proteome of PIN in subjects with T2D, demonstrating early signs of DPN, and in healthy controls, using quantitative mass spectrometry (Ising et al., 2021).

The aim of this study is to present HSPs and describe their quantitative presentation in PINs from subjects with T1D, T2D, and healthy controls. Furthermore, this study also aimed to determine whether the protein quantities of specific HSPs are associated with T1D or T2D as well as to electrophysiology and morphometric data.



2. Methods


2.1. Subjects

A total of 56 subjects participated in this study and were allocated into three groups: T1D (n = 9; female = 6), T2D (n = 24; female = 7), and healthy controls without DM (n = 23; female = 12). Subjects were recruited from two previous cohorts. In total, 12 subjects (T2D: n = 9, controls: n = 3) were recruited from a large prospective health screening study in Malmö, Sweden (Eriksson et al., 1994). The rest of the subjects, in total n = 44, were recruited from a study on patients with carpal tunnel syndrome undergoing carpal tunnel release (Thomsen et al., 2009b). Out of the 44 subjects with carpal tunnel syndrome, 9 were diagnosed with T1D, 15 had T2D, and 20 were otherwise healthy. Characteristics, electrophysiology, and morphometry of data have been published previously but are gathered together in this study to describe the characteristics of the present cohort (Eriksson et al., 1994; Thomsen et al., 2009a,b; Osman et al., 2015; Ekman et al., 2020).



2.2. Biopsy of the posterior interosseous nerve

PINs were harvested under local or regional anesthesia, as described by Thomsen et al. (2009a). The harvested nerves were 3–4 cm in length and cut into four equally long pieces. Nerve specimens for mass spectrometry analysis were frozen fresh and kept at −80°C until solution digestion prior to liquid chromatography-tandem mass spectrometry (LC-MS/MS) analysis. The nerve specimen weighs ~1.15 mg per mm, and for LC-MS/MS analysis, each nerve specimen used was 5 mm long, i.e., 5.8 mg each.



2.3. Electrophysiology

Sural, peroneal, and ulnar nerves were used for electrophysiology assessment (Thomsen et al., 2009b). Parameters from the lower extremity include sural nerve sensory conduction velocity (sSCV), sural nerve amplitude (sAMP), and peroneal nerve motor conduction velocity (pMCV). Parameters from the upper extremity were obtained from the ulnar nerve and include sensory amplitude (uSAMP), sensory conduction velocity (uSCV), motor conduction velocity (uMCV), and motor amplitude at the wrist level (uAMP wrist).



2.4. Quantitative mass spectrometry: preparation and analysis

The full methodology of mass spectrometry sample preparation, LC-MS/MS analysis, and MS data analysis has been published previously (Ising et al., 2021). Fresh-frozen tissue pieces from PIN were used. In short, tissue pieces were buffered and homogenized and thereafter processed using trypsin prior to desalting and later LC-MS/MS analysis. Peptides were separated, and both data-dependent acquisition (DDA) and data-independent acquisition (DIA) were performed. Please refer to the article by Ising et al. for a detailed description of how DDA and DIA data were analyzed (Ising et al., 2021).



2.5. Statistical analyses

Characteristics are presented as median [quartiles] since data are not normally distributed. Differences in characteristics between groups are calculated using the overall Kruskal–Wallis test with the post-hoc Mann–Whitney U-test on significant values. The Mann–Whitney U-test was used when comparing only T1D and T2D. A P-value of < 0.05 is considered to be statistically significant. Statistical calculations of characteristics are made using IBM SPSS Statistics v. 27 for Mac (IBM Corp, Armonk, NY, USA).

The individual protein intensities obtained from biopsies of the 56 subjects were log2-transformed and normalized. Linear regression was used to discover which proteins were differentially expressed between T1D, T2D, and controls. We present both unadjusted regression results and adjusted regression results where we control for age, sex, and BMI. We also investigated the correlation between individual protein intensities and data from nerve conduction studies using Spearman's correlation. All p-values were adjusted for multiple comparisons using Benjamini and Hochberg (false discovery rate) correction. All statistical protein analyses were performed in R version 4.1 (R core team, R Foundation for Statistical Computing, Vienna, Austria).




3. Results


3.1. Subjects

The characteristics of all subjects (n = 56) divided into groups [T1D: n = 9 (female = 6); T2D: n = 24 (female = 7); and controls: n = 23 (female = 12)] are presented in Table 1. A total of 14 subjects with DM were treated with insulin, including all subjects with T1D and 5 out of 24 subjects with T2D. Subjects with T2D were generally older than T1D subjects and controls (Table 1), while the duration of DM among T2D subjects was significantly shorter (10 [3–15] years) compared to subjects with T1D (28 [13–38] years; p = 0.006).


TABLE 1 General characteristics. Characteristics are presented as median [quartiles] for each study group, i.e., controls, type 1 diabetes (T1D), and type 2 diabetes (T2D).
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HbA1c was found to be 26 [25–29] mmol/mol (4.5 [4.4–4.8] %) among controls, 58 [55–78] mmol/mol (7.5 [7.2–9.2] %) among subjects with T1D, and 46 [36–57] mmol/mol (6.4 [5.4–7.4] %) among subjects with T2D and differed between the groups (Kruskal–Wallis, p < 0.001). HbA1c was significantly higher in subjects with T1D compared to T2D and controls, as well as higher among subjects with T2D compared to controls.



3.2. PIN morphometry and protein expression

Myelinated nerve fiber density (MNFD) did not differ overall between groups [Kruskal–Wallis, p = 0.093; please observe that the present subjects were not identical to the ones presented by Thomsen et al. (2009b)].

The number of proteins was quantified using LC-MS/MS and the median [quartiles] number of proteins among controls, T1D subjects, and T2D subjects were 2540 [2516–2564], 2536 [2484–2562], and 2532 [2467–2553], respectively, with no difference between groups (Kruskal–Wallis, p = 0.645) (Table 2).


TABLE 2 Electrophysiology and PIN data.
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3.3. Electrophysiology

Electrophysiology data, for each group, are presented in Table 2 and showed differences between the groups (Kruskal–Wallis, p < 0.001–p = 0.043). Subjects with T1D had significantly lower conduction velocities in sural, peroneal, and ulnar nerves compared to controls. Subjects with T2D had significantly lower conduction velocities and amplitudes in all parameters compared to controls (Table 2).



3.4. Heat shock proteins

Heat shock proteins from all five heat shock families, including the human chaperonin family, were quantified (Kampinga et al., 2009; Stetler et al., 2010; de Los Reyes and Casas-Tintó, 2022). These families are HSP 70 superfamily (consisting of HSPA/HSP70 and HSPH/HSP110), the DNAJ family/HSP40 family, the HSPB/small heat shock proteins family, the HSPC/HSP90 family, and the chaperonin family (including HSPD/HSP60 and HSPE/HSP10). All identified HSPs, including putative HSPs, are presented in Table 3.


TABLE 3 Identified heat shock proteins by group.
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All the present 32 HSPs were identified in all subjects except for putative heat shock protein HSP90-alpha A5 (Uniprot nr: Q58FG0) and HSP beta-8 (Uniprot nr: Q9UJY1). HSP90-alpha A5 was missing in one subject with T2D and HSP beta-8 was below the detection level in six subjects with diabetes (T1D: n = 2; T2D: n = 4) but present in substantially higher levels in all other subjects.

A linear regression model comparing each protein intensity between T1D, T2D, and controls could not demonstrate any statistical significance in the unadjusted model (Supplementary Table 1). Neither did a model adjusting for age, sex, and BMI (Supplementary Table 2) show any statistically significant difference when p-values had been adjusted for multiple comparisons (false discovery rate). However, several proteins of the HSP90 family (Uniprot nrs: Q58FF7, P08238, P07900, and Q58FF6), as well as HSP 70 (Uniprot nr: P0DMV8), approached statistical significance when studying the unadjusted p-values (Supplementary Table 1).

Boxplots of the distribution of protein intensities between groups are presented from three relevant proteins, with documented association to DPN, of different HSP families; i.e., HSP70 (Uniprot nr: P0DMV8), HSP90-alpha and HSP90 beta (Uniprot nrs: P07900 and P08238, respectively), and HSP beta-1/HSP27 (Uniprot nr: P04792) (Figure 1).
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FIGURE 1
 Boxplots of protein intensities. Protein intensities, log2-transformed and normalized of HSP70-1/HSP72, HSP27, HSP90-alpha, and HSP90 beta are presented as boxplots for each group of subjects. No statistically significant differences were found for any of the proteins above in the linear regression model when p-values were adjusted for multiple comparisons (Supplementary Table 1).




3.5. Correlations between protein intensities, electrophysiology, and morphometry

Using Spearman's correlations, individual protein intensities did not correlate with data from ulnar nerve conduction studies (i.e., uSAMP, uSCV, uMCV, and uAMP wrist) or morphometrics (MNFD) (data not presented graphically).




4. Discussion

The analysis of proteomics, in blood plasma/serum and nerve biopsies, is relevant when exploring the pathophysiology and etiology of diabetic neuropathy (Manzoni et al., 2018). HSPs have been implicated as important proteins in this context (Dobrowsky, 2016; Chaudhury et al., 2021). We have previously shown that HSPs can be identified using quantitative proteomics in biopsies of PIN from older male subjects with T2D (Ising et al., 2021). In this study, we demonstrate that the same HSPs can be identified in subjects with T1D. Furthermore, we can compare the intensities of 32 HSPs from the five HSP families between subjects with T1D and T2D and healthy controls.

In the present cohort, we found no statistically significant differences in the expression of the 32 HSPs in PIN from T1D subjects and T2D subjects compared to healthy controls when the p-values were adjusted for multiple comparisons. All controls were well established to be healthy through the normal oral glucose tolerance test. Although no clear tendencies were observed for any HSPs, comparing subjects with T1D to subjects with T2D or healthy controls, we speculate that intensities of HSPs could potentially be higher among subjects with T1D since the process of de- and re-generation is more pronounced in subjects with T1D (Osman et al., 2015). Such signs of regeneration are seen as regenerative clusters among such subjects at specific topographical locations in the nerve depending on the degeneration process (Dahlin et al., 2020). De- and re-generation after nerve injury and repair in healthy rats and in rats with diabetes (i.e., Goto-Kakizaki rats, resembling T2D) induce the upregulation of HSP27 both locally in the injured nerve as well as in the sensory neurons in the dorsal root ganglion (Stenberg et al., 2021). However, such increased local expression of HSP27 is not related to the outgrowth of nerve fibers, i.e., regeneration, after the nerve repair (Stenberg et al., 2021). Higher plasma levels of HSP27 have been found in T2D subjects with better nerve function and fewer signs of neuropathy (Pourhamidi et al., 2011) and are lower in T1D subjects with large nerve fiber dysfunction (Pourhamidi et al., 2014), indicating that HSP27, and potentially some other HSPs, is neuroprotective. However, contrary data have been published suggesting that HSP27 levels in plasma are higher among T1D subjects with DPN than in control subjects (Gruden et al., 2008). Interestingly, mild and severe hypoglycemia in T2D is also associated with changes in HSPs, such as HSP70 and HSP90, with an additional related inflammatory response to mild hypoglycemia among T2D subjects (Moin et al., 2021). These data indicate that the pattern of HSP expression in plasma and in the nervous system is complex in diabetes.

Although 32 HSPs were presented in our study, we neither observed any significant correlations to nerve conduction data from the ulnar nerve located at the same level as the PIN in the upper extremity nor we established any significant differences in protein intensities between subjects with T1D, T2D, and healthy controls. A possible explanation could be due to the heterogeneity of the subjects among groups of diabetes. For instance, there is a great range of disease duration among T1D and T2D subjects, where some subjects (T2D) had a short duration of diabetes. Thereby, the subjects with a short disease duration may impact the results on the group level due to the limited number of cases. Furthermore, old age and longer disease duration are often considered relevant for the development of DPN in T1D and T2D subjects (Hicks and Selvin, 2019). However, the median age among the present subjects was moderate in all groups in addition to a median disease duration among T2D subjects being not more than 10 years. Moreover, the subjects with diabetes have nerve conduction examinations that in most cases are within the normal range, and especially, the T2D subjects are meticulously controlled with mostly low HbA1c values. With that in mind, an extensive upregulation of HSPs in subjects with diabetes in our study could not be expected. For comparison, in the study by Gruden et al. mentioned above, HSP27 was higher in serum from T1D subjects with DPN compared to T1D subjects with no signs of complications to T1D, but both diabetes duration and age were higher among their subjects than the subjects in our study (Gruden et al., 2008). One may also argue that the degeneration process, observed as structural changes (Osman et al., 2015), may affect only specific topographical areas (Dahlin et al., 2020), resulting in lower neuroprotective compensation.

A limitation of this study is that the three groups are quite heterogenous, with skewness in the number of participants per group and a low number of subjects with T1D. In addition, a larger study population would reduce the risk of type 2 error. Furthermore, a limitation is that not all subjects with diabetes show electrophysiological signs of nerve dysfunction. Although the cohort is well-defined, there is a lack of data regarding insulin treatment for some of the T2D subjects. Such data could be relevant since HSPs have been shown to react to hypoglycemic events (Moin et al., 2021), and insulin-dependent T2D subjects are more prone to hypoglycemic events than non-insulin-dependent subjects.

In conclusion, we have demonstrated the presence of 32 HSPs, from all five HSP families, in human nerve biopsies of the upper extremity of subjects with T1D, T2D, and healthy controls. However, we did not find any difference in protein intensities between groups, as well as no association with nerve morphometry or nerve conduction findings. Nevertheless, we believe that the expression of HSPs in nerve biopsies needs further investigation. For example, to study the expression in cohorts with more extensive DPN compared to healthy controls without nerve dysfunction.
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Controls KW test? Controls Controls T1D vs. T2DP

(n=23) (p-value)  vs.T1DP vs. T2D° (p-value)
(p-value) (p-value)
Electrophysiology
SSCV (m/s) 45 [42.8-50]° 40 [34.5-47.5) 43 [40-44]° 0.007 0.029 0.004 0435
SSAMP (V) 8 [5-13]° 6 [2-14]¢ 3[2-6) 0.001 0358 <0.001 0.209
PMCV (m/s) 46 [43-49]° 39 [34-43] 40 [37-45] <0.001 0.001 <0.001 0373
uSCV (m/s) 54 [48-56]° 52 [43-54] 48 [45-53]° 0.039 0.156 0.013 0.570
uSAMP (V) 6[3-8]° 3[2-8) 4[3-4]° 0.035 0.135 0.011 0.814
uMCV (m/s) 58 [54-62]° 52 [49-56) 56 [50-57]¢ 0.011 0.010 0.023 0.247
UAMP wrist (LV) 7[6-9)° 8(5.6-8.7) 6[5-7)° 0.043 0.948 0.015 0.136
Morphometrics
PIN MNFD (No./mm?) 5,893 4,575 5,356 0.093 N/A N/A N/A
[4,959-7,617] [3,942-6,057] [4,751-6,538]
Proteomics
No. of proteins 2,540 2,536 2,532 0.645 N/A N/A N/A
[2,516-2,564] [2:484-2,562] [2,467-2,553]

Lower extremity parameters are sural nerve sensory conduction velocity (sSCV), sural nerve amplitude (sSAMP), and peroneal nerve motor conduction velocity (pMCV). Parameters from the
upper extremity are obtained from the ulnar nerve and include sensory amplitude (uSAMP), sensory conduction velocity (uSCV), motor conduction velocity (aMCV), and motor amplitude at

the wrist level (uAMP wrist). Electrophysiology data are presented as median (quartiles] for each study group. The Kruskal-Wallis test with post hoc Mann-Whitney U-test was used to compare
the groups. A p-value of < 0.05 was considered to be statistically significant. Electrophysiology and morphometrics data have been previously published by Eriksson et al. (1994), Thomsen et al.
(2009a,b), and Ekman et al. (2020).

N/A, not applicable.

*KW, Kruskal-Wallis test.

bMann-Whitney U-test.

n=22.
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HSP 70 superfamily: HSPA (HSP 70) and HSPH (HSP110) families

Subgroup Name Uniprot
HSPA Heat shock 70 kDa protein 1A (HSP70-1/HSP72) HSPAIA PODMV8
Heat shock 70 kDa protein 1-like HSPAIL P34931
Heat shock-related 70 kDa protein 2 HSPA2 P54652
Heat shock 70 kDa protein 4 HSPA4 P34932
Heat shock 70 kDa protein 4L HSPA4L 095757
Endoplasmic reticulum chaperone BiP HSPAS P11021
Heat shock 70 kDa prote in 6 HSPAG6 P17066
Putative heat shock 70 kDa protein 7 HSPA7 P48741
Heat shock cognate 71 kDa protein HSPAS P11142
Stress-70 protein, mitochondrial HSPA9 P38646
Heat shock 70 kDa protein 12A HSPAI2A 043301
Heat shock 70 kDa protein 12B HSPA12B QI96MM6
HSPH Heat shock protein 105 kDa HSPH1 Q92598
The DNAJ family (HSP40)
DnaJA Dna]J homolog subfamily A member 2 DNAJA2 060884
DnaJB Dna]J homolog subfamily B member 2 DNAJB2 P25686
Dna]J homolog subfamily B member 4 DNAJB4 QIUDY4
DnaJC DnaJ homolog subfamily C member 11 DNAJCIL QINVHI

The HSPB family (small heat shock proteins)

HSPB Heat shock protein beta-1 (HSP27) HSPB1 P04792
Heat shock protein beta-6 HSPB6 014558
Heat shock protein beta-8 HSPB8 QUYL

The HSP90O/HSPC family

HSPC Heat shock protein HSP 90-alpha HSPCI/HSP90AAL P07900
Heat shock protein HSP 90-alpha A2 HSP90AA2P Q14568
Putative heat shock protein HSP 90-alpha AS HSP90AASP QS58FGO
Heat shock protein HSP 90-beta HSPC3/HSP90AB1 P08238
Putative heat shock protein HSP 90-beta 2 HSP90AB2P QS58FF8
Putative heat shock protein HSP 90-beta-3 HSP90AB3P QS58FF7
Putative heat shock protein HSP 90-beta 4 HSP90AB4P QS8FF6
Endoplasmin HSPC4/HSP90OB1 P14625
Putative endoplasmin-like protein HSP90B2P QS58FF3
Heat shock protein 75 kDa, mitochondrial (TRAP1) HSPC5/TRAP1L Q12931

Chaperonins and related genes

HSPD 60 kDa heat shock protein, mitochondrial HSPD1 P10809

HSPE 10 kDa heat shock protein, mitochondrial HSPE1L P61604

In total, 32 different heat shock proteins were identified among subjects with T1D, T2D, and controls. HSP90-alpha A5 was missing in one subject with T2D and HSP beta-8 was missing in six
subjects with diabetes (T1D: n [2D: n = 4) but present in all other subjects.
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Controls KW test?® Controls Controls T1D vs. T2DP

(n =23) (p-value) vs. TID® vs. T2DP (p-value)
(p-value) (p-value)

Age (years) 57 [46-68) 46 [39-54] 68 [60-74] <0001 0.025 0.009 <0001
Height (cm) 173(166-180] | 166 [162-176] | 176 [165-178] 0.334 N/A N/A N/A
Weight (kg) 79 [70-88) 74 (57-78) 86 [82-94] 0.004 0.106 0.042 0.001
BMI (kg/m?) 26 (24-29) 25 [22-26) 29/[26-32) 0.004 0.068 0.020 0.005
Disease duration (years) 28 [13-38) 10 [3-15)¢ N/A N/A N/A 0.003
HbAlc (mmol/mol) 26 [25-29) 58(55-78) 16 [36-57) <0.001 <0.001 <0.001 0.006
HbALc (%) 4.5[4.4-4.8) 7.5(7.2-92) 6.4[5.4-7.4]

Characteristics between groups were compared using the Kruskal-Wallis test with the post-hoc Mann-Whitney U-test, and a p-value of < 0.05 was considered as statistically significant. Data
have been published by Eriksson ct al. (1994), Thomsen et al. (2009a,b), and Ekman et al. (2020).

N/A, not applicable.

*KW, Kruskal-Wallis test.

®Mann-Whitney U-test.

ep=15.
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