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Purpose: This study aimed to investigate the relationship between 25-hydroxyvitamin D (25OHD) and the onset of ketosis in newly 
diagnosed patients with ketosis-prone type 2 diabetes (KPT2D).
Patients and Methods: A total of 162 patients with non-autoimmune newly diagnosed diabetes mellitus were included in this cross- 
sectional study. Patients were classified into KPT2D (n = 71) or non-ketotic type 2 diabetes (NKT2D, n = 91). Anthropometric 
parameters, islet functions, biochemical parameters, and body composition were determined in both KPT2D and NKT2D groups. 
Correlation analysis was performed to determine the associations between 25OHD and plasma ketones. The risk factors associated 
with ketosis episodes in patients with new-onset KPT2D were evaluated using binary logistic regression analysis.
Results: Vitamin D deficiency was observed in both patients with KPT2D and NKT2D. Compared with the NKT2D group, serum 
25OHD values were lower in the participants of the KPT2D group [14.20 (10.68, 19.52) vs 16.98 (13.54,2.96) ng/mL, P = 0.011]. 
Serum 25OHD was associated with plasma ketones (R = −0.387). Serum 25OHD is an independent protective factor for ketosis or 
ketoacidosis episodes in patients with new onset of KPT2D (P = 0.037, OR = 0.921).
Conclusion: Vitamin D levels are associated with ketosis episodes in patients with KPT2D. Serum 25OHD is an independent 
protective factor for ketosis episodes in patients with KPT2D.
Keywords: vitamin D, newly onset ketosis-prone diabetes, ketosis-onset, diabetic ketosis

Introduction
Diabetic ketoacidosis (DKA) is an acute and serious complication resulting from diabetes. It is commonly observed in 
patients with type 1 diabetes (T1D).1 However, more researchers have observed that patients with diabetes ketosis or 
DKA have mixed symptoms of T1D and type 2 diabetes (T2D) as their initial symptoms.2 Recently, patients with new- 
onset T2D with major symptoms as unprovoked ketosis or DKA are often diagnosed as patients with ketosis-prone type 2 
diabetes (KPT2D).3,4 The latest World Health Organization literature defines KPT2D as a hybrid form of diabetes.5 

A recent study suggested that the number of patients with KPT2D has increased rapidly, which can be associated with 
changes in diet structure and lifestyle.3 A previous study has suggested that 90% of these individuals will suffer episodes 
of ketosis within 10 years.6 Patients with KPT2D with ketosis but no acidosis often have no distinct clinical symptoms in 
the early stage.7 Under these circumstances, failure to diagnose ketosis early can lead to serious consequences.

Vitamin D deficiency is common globally and is linked with various diseases.8 Studies in recent years have 
shown that high and low vitamin D levels are also association with the pathogenesis of diabetes.9 Vitamin 
D increases insulin secretion by directly stimulating the β cells of the pancreas via its nuclear receptors.10 Cade 
et al showed that a single administration of 1alpha,25-dihydroxy vitamin D3 (1,25 (OH)2D3) improves insulin 
secretion in rats with vitamin D deficiency within 3 h.9 Furthermore, vitamin D also increases insulin sensitivity. In 
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a human study, serum 25-hydroxyvitamin D (25OHD) concentration was positively associated with insulin sensi
tivity measured using hyperglycemic clamping.10 Nagpal et al showed that three doses of 1,20,000 IU of vitamin D3 
for two weeks significantly improved the 3-h oral glucose test (OGTT)-derived insulin sensitivity indices in healthy 
abdominally obese Asian Indian men group compared with the placebo group.11 Above findings suggested that 
serum vitamin D is closely associated with the functions of pancreatic islet cells.

Absolute deficiency of insulin secretion is observed during the pathogenesis and development of DKA.12 The above 
studies have shown that vitamin D can affect islet function, therefore, we can speculate that 25OHD can be related to the 
DKA episode. Previous studies have shown DKA in children with T1D is associated with vitamin D. An observational 
study by Al-Zubeidi in patients with new-onset T1D showed a significant relationship between vitamin D values and 
DKA. Low levels of vitamin D are often found in patients with T1D and even lower levels are in patients with DKA.13 

Huynh et al showed that most children with a definite diagnosis of low vitamin D levels had bicarbonate levels < 18 
mmol/L. Furthermore, they also found that the remission of diabetic acidosis in children was associated with the recovery 
of low serum vitamin D levels. The authors speculated that low levels of vitamin D can perform a crucial function in 
determining if DKA is present during diagnosis in children with T1D.14

Presently, no studies has shown the association between vitamin D levels and ketosis in patients with new onset 
KPT2D. Therefore, in this study, we aimed to investigate the relationship between 25OHD and ketosis or DKA episodes 
in newly diagnosed patients with KPT2D.

Patients and Methods
Study Design
This was a cross-sectional study conducted consistent with the provisions of the Declaration of Helsinki. The present 
study protocol was approved by Hebei General Hospital (Shijiazhuang, Hebei province, China) Ethics Committee 
(review no: 2022–394). All patients provided their signed informed consent. The subjects’ information was kept 
confidential.

Subjects Collected
A total of 162 subjects were recruited in the study, which included 71 newly diagnosed KPT2D patients (KPT2D group) 
and 91 newly diagnosed non-ketotic T2D patients (NKT2D group). All patients were inpatients of the Department of 
Endocrinology, Hebei General Hospital from January 2018 to December 2020. All enrolled patients were long-time 
residents of Hebei, China (North of China) and were of age ≥18 years old. All patients met the 2011 World Health 
Organization diagnostic criteria for diabetes mellitus.

Inclusion Criteria
Newly Onset KPT2D with Ketosis

(I) Duration of diabetes≤3 months;
(II) Urinary ketone body++(≥80 mg/dL or 0.5–15 mmol/L) or plasma ketones ≥1.0 mmol/L, FCP >1.1 mmol/L or 

OGTT peak C-peptide >1.5 mmol/L measured at the time of admission;
(III) No insulin autoantibodies, such as ICAS, GAD65, and IA-2.

Non-Ketotic T2D
(I) Duration of diabetes ≤3 months;

(II) No DKA or urinary ketone bodies at the time of admission, plasma ketones ≤0.6 mmol/L;
(III) No insulin autoantibodies, such as ICAS, GAD65, and IA-2.

Exclusion Criteria
(I) Severe liver and kidney disease, ALT >2.5-times the normal, creatinine >124 mmol/L;

(II) Exclude another coexisting ketosis, starvation ketosis, alcoholic ketosis, hepatitis B, hepatitis C, and HIV+;
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(III) Special types of diabetes, such as maternally Inherited diabetes and deafness (MIDD) and secondary diabetes;
(IV) Malignancy, pregnancy, taking drugs that affect glucose metabolism, such as glucocorticoids.

Data Collection
The subjects’ basic information and biochemical indicators were obtained at their admission. Their basic information included 
sex, age, blood pressure, weight, and height. Body mass index (BMI) was calculated as weight (kg)/height2 (m2). All patients’ 
blood indicators were tested in the same laboratory. The tested biochemical indicators included total protein, albumin (ALB), 
alanine aminotransferase (ALT), aspartate aminotransferase (AST), gamma-glutamyl transpeptidase (GGT), blood urine 
nitrogen (BUN), blood creatinine (SCr), blood uric acid (UA), glomerular filtration rate (GFR), 25OHD, triglycerides 
(TG), total cholesterol (TC), low-density lipoprotein cholesterol (LDL-C), high-density lipoprotein cholesterol (HDL-C), 
blood calcium levels (Ca2+), hemoglobin A1c (HbA1c), fasting blood glucose (FBG), fasting insulin level, and fasting 
C-peptide (FCP) level. Serum 25OHD levels were measured by using the electrochemiluminescence method (Roche reagent) 
at the Department of Nuclear Medicine, Hebei General Hospital. The indexes of homeostasis model assessment of insulin 
resistance (HOMA-IR), β-cell insulin secretion (HOMA-β), and early insulin secretory function (ΔI30/ΔG30) were calculated 
according to the insulin and glucose levels using the following equation: HOMA-β = 20 × fasting insulin level/(FBG - 3.5); 
HOMA-IR = fasting insulin × FBG/22.5; ΔI30/ΔG30 = 0.5-h insulin - fasting insulin)/(0.5-h glucose - FBG)). All patients 
underwent glucose tolerance tests, insulin measurements, and a C-peptide test. The AUC of C-peptide and insulin were used to 
evaluate the islet function (AUC=1/4×(S0+2×S30+3×S60+4×S120+2×S180), (S0, S30, S60, S120, and S180 were the insulin 
levels or the C-peptide levels at 0, 30, 60, 120, and 180 min, respectively).

Statistical Analysis
The data were analyzed using the SPSS 26.0 software. For continuous variables, Student’s t-test (normally distributed 
data, presented as mean ± SD) and Mann–Whitney U-test (data with a skewed distribution, presented as the median, 25th, 
and 75th percentiles) were used to compare the differences between the KPT2D and NKT2D groups. Categorical count 
data were expressed as the number of cases (percentage), and the χ2 test was used for comparison between the two 
groups. The relationship between the clinical variables was evaluated by calculating the correlational coefficients. 
A binary logistic regression analysis was performed for risk factors for ketosis episodes in KPT2D. P < 0.05 was 
considered to indicate a statistically significant difference.

Results
The Characteristics and Anthropometric Features of the Subjects
Compared to the NKT2D group, the participants in the KPT2D group were younger [36 (30, 47) vs 50 (38, 60) years, 
P <0.001] and predominantly male (80.3 vs 61.5%, P = 0.01; Table 1). No significant difference was found in weight, BMI, 
and blood pressure.

Table 1 Clinical and Anthropometric Features of the KPT2D and NKT2D Groups

Characteristics KPT2D Group (n = 71) NKT2D Group (n = 91) P-value

Clinical characteristics

Age, years 36.00(30.00,47.00) 50.00(38.00,60.00) 0.000
Male Gender (%) 57.00(80.30%) 56.00(61.50%) 0.010

Height, cm 171.77 ±8.68 167.73 ±8.44 0.003

Weight, kg 80.87(70.00,93.50) 74.10(65.70,87.20) 0.087
SBP, mmHg 129.59 ±16.15 134.09 ±16.62 0.086

DBP, mmHg 85.00(75.00,91.00) 84.00(76.00,92.00) 0.837

BMI, kg/m2 27.00(24.80,30.86) 27.02(23.78,30.02) 0.766

Notes: Continuous data are presented as the means ± Standard deviations (SD) or medians (interquartile ranges, IQR) 
based on the data distribution. Categorical variables are presented as percentages (%). 
Abbreviations: SBP, systolic blood pressure; DBP, diastolic blood pressure; BMI, body mass index; KPT2D, ketosis-prone 
type 2 diabetes; NKT2D, non-ketotic type 2 diabetes.
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Laboratory Findings of Subjects
The biochemical results are presented in Table 2. As shown in the results, the mean 25OHD values were less than 20 ng/mL 
in both groups, which indicated that 25OHD deficiency was common in patients with diabetes. Compared with the patients 
with NKT2D, 25OHD [14.20 (10.68, 19.52) vs 16.98 (13.54, 21.96) ng/mL, P = 0.011) decreased significantly in patients 
with KPT2D (Figure 1). The levels of total protein (65.25 ± 7.81 vs 68.13 ± 6.39 g/L, P = 0.011) and HDL-C [0.91 (0.77, 
1.11) vs 1.04 (0.88, 1.23) mmol/L, P = 0.006] were lower significantly in patients with KPT2D compare with patients with 
NKT2D. The KPT2D group had higher levels of HbA1c [12.00 (11.00, 13.30) vs 10.30 (8.60, 11.60) %, p < 0.001], FBG 
[12.22 (9.96, 15.45) vs 8.83 (7.20, 11.27) mmol/L, P < 0.001], GFR [112.44 (101.94, 124.78) vs 105.75 (96.02, 115.15) mL/ 
min, P = 0.006], TC [5.44 (4.64, 6.50) vs 5.00 (4.09, 5.85) mmol/L, P = 0.009], TG [2.13 (1.29, 4.87) vs 1.53 (1.17, 2.52) 

Table 2 Laboratory Findings in the KPT2D and NKT2D Groups

Characteristics KPT2D Group  
(n = 71)

NKT2D Group  
(n = 91)

P-value

Biochemical characteristics - baseline

Total protein, g/L 65.25 ±7.81 68.13 ±6.39 0.011

Albumin, g/L 40.76 ±5.39 42.11 ±3.49 0.070
ALT, U/L 27.90(17.80,51.70) 21.20(15.50,33.00) 0.095

AST, U/L 23.50(15.70,35.20) 19.50(16.70,32.10) 0.248

GGT, mmol/L 39.80(23.20,77.70) 32.10(21.20,44.90) 0.065
BUN, mmol/L 4.70(3.70,5.80) 4.80(4.30,6.04) 0.239

SCr, μmol/L 65.40(56.70,74.70) 61.60(52.66,72.70) 0.143

GFR (mL/min) 112.44(101.94,124.78) 105.75(96.02,115.15) 0.006
Serum uric acid, umol/L 342.20(285.40,428.60) 315.43(258.50,361.00) 0.050

Blood calcium levels, mmol/L 2.31 ±0.15 2.30 ±0.11 0.537

25-hydroxy vitamin D, ng/mL 14.20(10.68,19.52) 16.98(13.54,21.96) 0.011
TC, mmol/L 5.44(4.64,6.50) 5.00(4.09,5.85) 0.009

TG, mmol/L 2.13(1.29,4.87) 1.53(1.17,2.52) 0.012

HDL-C, mmol/L 0.91(0.77,1.11) 1.04(0.88,1.23) 0.006
LDL-C, mmol/L 3.67 ±1.03 3.18 ±0.90 0.002

Fasting blood glucose, mmol/L 12.22(9.96,15.45) 8.83(7.20,11.27) 0.000

Hemoglobin A1c, % 12.00(11.00,13.30) 10.30(8.60,11.60) 0.000
Pancreas islet function-baseline

Fasting insulin, mmol/L 6.44(3.45,12.06) 10.39(6.49,19.38) 0.005

Fasting C-peptide, mmol/L 1.47(1.15,2.30) 2.87(1.97,3.50) 0.000
HOMA-IR 3.01(1.97,6.88) 5.61(2.00,7.81) 0.279

HOMA-β 15.79(8.03,33.86) 45.40(20.77,73.60) 0.000

After glucose tolerance test
Fasting blood glucose, mmol/L 6.15(5.43,7.38) 6.06(5.10,7.06) 0.293

2-h postprandial plasma glucose, mmol/L 15.45 ±3.44 14.92 ±4.00 0.679

Fasting C-peptide, mmol/L 1.59(1.17,2.45) 2(1.37,3.09) 0.041
2-h C-peptide, mmol/L 4.84(3.73,7.31) 7.10(4.77,9.63) 0.002

Fasting insulin, mmol/L 5.37(3.24,15.47) 6.71(4.39,13.39) 0.041

2-h insulin, mmol/L 26.80(17.37,46.34) 43.03(25.93,80.44) 0.001
ΔI30/ΔG30 1.13(0.50,2.78) 3.09(1.60,5.94) 0.000

AUCC 12.16(8.90,16.71) 16.11(10.89,27.26) 0.002
AUCI 56.50(28.20,98.78) 91.94(53.80,182.63) 0.001

Notes: Continuous data are presented as the means ±Standard deviations (SD) or medians (interquartile ranges, IQR) based on the data 
distribution. Categorical variables are presented as percentages (%). 
Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; GGT, gamma glutamyl transpeptidase; BUN, blood urea 
nitrogen; SCr, serum creatinine; GFR, glomerular filtration rate; TC, serum total cholesterols; TG, serum triglycerides; HDL-C, high-density 
lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; ΔI30/ΔG30, early insulin secretory function; AUCC, AUC of C-peptide; 
AUCI, AUC of insulin; KPT2D, ketosis-prone type 2 diabetes; NKT2D, non-ketotic type 2 diabetes.
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mmol/L, P = 0.012], and LDL-C [3.67 ± 1.03 vs 3.18 ± 0.90 mmol/L, P = 0.002] compared with the NKT2D group. No 
significant difference was found in the ALB, ALT, AST, GGT, BUN, SCr, and Ca2+ between the two groups.

The fasting insulin in KPT2D group were decreased when compared with NKT2D group [6.44 (3.45, 12.06) vs 10.39 
(6.49, 19.38) mmol/L, P = 0.005]. Patients with KPT2D also had lower FCP levels [1.47 (1.15, 2.30) vs 2.87 (1.97, 3.50) 
mmol/L, P < 0.001] and lower HOMA-β [15.79 (8.03, 33.86) vs 45.40 (20.77, 73.60), P < 0.001]. No significant 
difference was found in HOMA-IR between the two groups. The AUCC [12.16 (8.90, 16.71) vs 16.11 (10.89, 27.26), P = 
0.002], AUCI [56.50 (28.20, 98.78) vs 91.94 (53.80, 182.63), P = 0.001] and ΔI30/ΔG30 [1.13 (0.50, 2.78) vs 3.09 (1.60, 
5.94), P < 0.001] were decreased in the KPT2D group compared with the NKT2D group.

After OGTT, compared with patients with NKT2D, patients with KPT2D had lower levels of FCP [1.59 (1.17, 2.45) 
vs 2.00 (1.37, 3.09) mmol/L, P = 0.041], 2h-C-peptide [4.84 (3.73, 7.31) vs 7.10 (4.77, 9.63) mmol/L, P = 0.002], fasting 
insulin [5.37 (3.24, 15.47) vs 6.71 (4.39, 13.39) mmol/L, P = 0.041], and 2h insulin [26.80 (17.37, 46.34) vs 43.03 
(25.93, 80.44) mmol/L, P = 0.001]. No significant difference was found in FBG and 2 h postprandial plasma glucose (2h- 
PPG).

Correlation Between Other Factors and 25OHD Levels
The results of the correlation analysis are shown in Table 3. Plasma ketones (Rs = −0.387, P = 0.020) and HbA1c (RS = 
−0.375, P = 0.022) negatively correlated with 25OHD levels. HOMA-β (RS = 0.264, P = 0.031) (Figure 2A) and ΔI30/ 
ΔG30 (RS = 0.223, P = 0.033) positively correlated with serum 25OHD levels. No significant difference was found in 
25OHD and HOMA-IR (Figure 2B).
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Figure 1 Distribution of the 25OHD levels in the two groups. 
Notes: Comparison of the 25OHD levels between the KPT2D and NKT2D groups, P = 0.011.

Table 3 Correlation Between the 25OHD Level and a Variety of Parameters

Rs 95%LCI 95%UCI P

Plasma ketones −0.387 1.7974 3.0798 0.020

HOMA-β 0.264 23.7509 36.8623 0.031
HOMA-IR 0.062 4.1018 6.8080 0.616

ΔI30/ΔG30 0.223 2.5589 4.6552 0.033

HbA1c −0.375 11.8123 12.8418 0.022

Notes: Rs: Spearman correlation coefficient or Pearson’s correlation coefficient; P: 25OHD versus variables. 
Abbreviations: LCI, lower confidence interval for difference; UCI, upper confidence interval for difference. 
ΔI30/ΔG30, early insulin secretory function; HbA1c, hemoglobin A1c.
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Relationship Between 25OHD and Ketosis Episodes
Based on all the significantly correlated variables (25OHD, HbA1c, FBG, total protein, TG, LDL-C, gender, and 
age), we performed binary logistic regression analyses. In the multivariate model that included 25OHD, HbA1c, 
FBG, total protein, TG, LDL-C, gender, and age, 25OHD was a significant protective factor for the risk of ketosis 
[odds ratio (OR) = 0.921, 95% confidence interval 0.853–0.995, P = 0.037) (Table 4).

Discussion
To our knowledge, this is the first study to show a significant correlation between ketosis or DKA and serum 25OHD 
levels in newly-onset KPT2D. Our results showed that serum 25OHD values are decreased in patients with KPT2D 
compared with patients with NKT2D and were significantly associated with ketosis onset in patients with KPT2D. We 
further founded that 25OHD levels were negatively correlated with plasma ketone levels. To investigate the risk factors 
of ketosis episodes in patients with KPT2D, we performed a binary logistic regression analysis and found that 25OHD is 
an independent protective factor for the ketosis episode in patients with KPT2D.
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Figure 2 Correlational analysis of the 25OHD levels with HOMA-β and HOMA-IR in all subjects. 
Notes: (A) The correlational analysis between the 25OHD level and HOMA-β, P = 0.031; (B) the correlational analysis between the 25OHD level and HOMA-IR, P = 0.616.

Table 4 Parameters of the Binary Logistic Regression Model

Variables Univariate Multivariate

OR (95% CI) P OR (95% CI) P

25OHD 0.924(0.867–0.984) 0.013 0.921(0.853–0.995) 0.037

HbA1c 1.866(1.427–2.44) 0.000 1.643(1.173–2.303) 0.004

FBG 1.223(1.098–1.362) 0.000 1.294(1.08–1.551) 0.005
Total protein 0.934(0.884–0.988) 0.017 0.907(0.827–0.994) 0.037

TG 1.103(1.004–1.212) 0.760 0.974(0.849–1.115) 0.712

LDL-C 1.486(1.003–2.202) 0.048 1.513(0.808–2.833) 0.196
Gender (male) 1.554(0.708–3.412) 0.272 3.448(0.959–12.403) 0.058

Age 0.954(0.927–0.982) 0.001 0.957(0.918–0.997) 0.037

Notes: Adjusted variables in univariate analysis: 25OHD, HbA1c, FBG, total protein, TG, LDL, gender and age. Adjusted variables in multivariate 
analysis: 25OHD, HbA1c, FBG, total protein, TG, LDL, gender, and age. 
Abbreviations OR, odds ratio; HbA1c, hemoglobin A1c; FBG, fasting blood glucose; TG, serum triglycerides; LDL-C, low-density lipoprotein 
cholesterol; 25OHD, 25-hydroxy vitamin D.
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To explore the potential role which serum 25OHD may play in the ketosis onset, we further investigate the correlation 
between 25OHD and pancreatic islet function. We found that 25OHD was positively correlated with HOMA-β and early 
insulin secretory function, which indicated that 25OHD can regulate insulin secretion. The results of many previous 
studies were consistent with our results. An in vivo study showed that insulin levels are lower in vitamin D-deficient or 
vitamin D receptor-insensitive mice, and vitamin D supplementations can improve insulin production.15 Previous in vitro 
studies showed that 1,25(OH)2D3 promotes insulin release from pancreatic islets.16 Furthermore, in a non-randomized 
study consisting of 10 women with T2D (of which 7 women had vitamin D deficiency at baseline), first-stage insulin 
secretion during intravenous glucose loading increased to 34% from baseline after 1 month of oral cholecalciferol (D3) 
1332 IU/D treatment.17 These findings showed that vitamin D can improve insulin secretion. The development of ketosis 
or DKA is closely associated with vitamin D deficiency. Many mechanisms can affect the vitamin D on insulin secretion. 
First, it is known that 1, 25-dihydroxy vitamin D promotes insulin synthesis and secretion by binding to vitamin 
D receptors or by regulating calcium transport in islet β-cells.18 Second, 1, 25-dihydroxy vitamin D can promote insulin 
secretion by activating human insulin gene transcription via 25(OH)D-1a-hydroxylase (CYP27B1) in pancreatic islet 
cells. Third, vitamin D3 activates the AMPK pathway, inhibiting the mTOR pathway, thereby inhibiting the activation of 
NLRP3 inflammasome and alleviating pyroptosis in dysfunctional β-cell.19 Overall, vitamin D can regulate islet function 
via various mechanisms.

Our study showed no significant correlation between 25OHD and HOMA-IR in the whole sample. Previous studies 
have drawn inconsistent conclusions on the effects of 25OHD on insulin sensitivity. Some studies showed that vitamin 
D can play a positive part in improving insulin sensitivity. In an in vivo study, insulin sensitivity was determined in non- 
obese T2D rats that were fed an 8-week high-fat diet by a hyperinsulinemic-euglycemic clamp test. The study found that 
insulin sensitivity significantly decreased in vitamin D-deficient rats.20 In a human study, Naharci et al found that insulin 
sensitivity significantly increased in 28 geriatric patients (aged ≥ 65 years) with impaired fasting glucose (IFG) treated 
with vitamin D3 and ionized calcium.21 Pittas et al showed improved HOMA-IR after 3 years of daily supplementation 
of calcium citrate and vitamin D3 in Caucasian patients with IFG.22 However, Gulseth et al showed that the supple
mentation with high levels of vitamin D does not improve glycemic control and insulin sensitivity in patients with T2D.23 

A placebo-controlled trial by Mousa et al found no significant difference in insulin sensitivity in 28 overweight or obese 
healthy patients with vitamin D deficiency who were treated with 1,00,000 IU cholecalciferol orally (followed by 4000 
IU cholecalciferol daily) for 16 weeks compared with controls.24 The inconsistent findings may be due to the different 
research designs of these studies. The relationship between insulin sensitivity and vitamin D should be confirmed by 
a prospective study. In addition, further studies are required to show that vitamin D supplementation can be used as an 
adjuvant to prevent ketosis in patients with KPT2D.

Variables associated with increased glucose levels, such as FBG and HbA1c, were higher in patients with KPT2D 
than in NKT2D patients. The results showed that FBG and HbA1c were independent risk factors for patients with 
KPT2D with ketosis onset. The result is consistent with the results of previous research.5

Moreover, our study showed that TG, TC, and LDL-C were significantly increased in patients with KPT2D compared 
with patients with NKT2D. These findings suggested that glucotoxicity combined with lipotoxicity led to impaired islet 
function, insulin receptor insensitivity, and ultimately decreased insulin secretion capacity, which resulted in ketone body 
production.

Baseline data from this study showed that patients with KPT2D were younger and predominantly male. This is 
consistent with previous studies.25 The reason for this gender difference is not clear. Body fat distribution and its 
associated insulin sensitivity are now considered the main factor for the gender differences in DKA onset.26,27

The present study has certain limitations that should be considered. First, this is a cross-sectional study; therefore, the 
evidence it provides is insufficient. Second, this study included patients with newly onset KPT2D and NKT2D and the 
findings may not be applicable to all patients with diabetes. Finally, this study did not consider the effect of seasonal 
fluctuations of 25OHD levels.
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Conclusion
To conclude, in this study, we showed that 25OHD is significantly associated with the development of ketosis in patients 
with KPT2D. Serum 25OHD levels could be a protective factor for the development of ketosis in patients with KPT2D.
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