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Purpose: The objective of this research was to examine the relationship between non-HDL cholesterol/HDL cholesterol ratio
(NHHR) and vitamin D in type 2 diabetes mellitus (T2DM).

Patients and Methods: This study enrolled 617 T2DM participants. Participants were separated into two groups: no vitamin D
deficiency and vitamin D deficiency. Participants were split into two categories: individuals who had a high NHHR and those with
a low NHHR, with the median NHHR serving as the cut-off. Eventually, the study participants were classified into two groups by
gender, which were further classified into vitamin D deficient and non-vitamin D deficient groups.

Results: NHHR values were substantially greater in vitamin D deficient group than in the non-deficient group in both male and female
T2DM patients (P<0.05). The high NHHR group displayed substantially lower vitamin D levels than the low NHHR group [16.21
(12.55,21.35) vs 19.05 (14.59,24.07), P<0.001]. NHHR was discovered to be negatively and independently associated with vitamin D
levels, and there was no sex difference.

Conclusion: For the first time, our research revealed a negative relationship between NHHR and vitamin D in patients with T2DM.
Keywords: vitamin D, diabetes, type 2 diabetes, lipid ratio, non-HDL-C /HDL-C

Introduction
Diabetes has become one of the most general health problems of the 21st century, with an estimated 9.3% of the world’s adult
population suffering from the disease." Among the macrovascular and microvascular problems that diabetic patients
frequently experience are coronary heart disease, hypertension, diabetic nephropathy, retinopathy, and peripheral
neuropathy.” There are two primary types of vitamin D, a nutrient necessary for many bodily functions. Ergocalciferol, also
known as vitamin D,, is a nutrient that can be acquired through dietary sources of vegetables and oral supplements.
Cholecalciferol, also known as vitamin D3, is mainly created when skin is exposed to ultraviolet B (UVB) radiation from
daylight. Vitamin D supplementation is essential because there are few natural sources of vitamin D in food, the diet does not
provide adequate vitamin D for the majority of people, and conditions of inadequate daylight exposure contribute to vitamin D
deficiency in 25% or more of patients worldwide.* The European Society for Endocrinology’s Vitamin D Working Group’s
clinical practice recommendations classify a critical level of vitamin D inadequacy as being 20 ng/mL (50 nmol/L).> Vitamin
D is a fat-soluble steroid which is required for the regulation of many vital bodily functions, including bone turnover, cell
proliferation, and immune regulation.® In addition, vitamin D is strongly related with the risk of T2DM and its low blood 25
(OH)D levels impair pancreatic p-cell function and contribute to insulin resistance.” In addition, vitamin D is strongly
correlated with the risk of T2DM and its complications.

Non-HDL cholesterol/HDL cholesterol ratio (NHHR) is a newly combined indicator of atherogenic lipids.” Non-HDL-C,
which measures the atherosclerotic cholesterol levels, is computed by removing HDL-C from total cholesterol.® There are
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Studies have found NHHR acts as both a standalone risk factor for carotid plaque and a lipid indicator for early plaque
avoidance.” Kim SW claims'® that NHHR has a higher diagnostic value than other traditional lipid indicators in predicting
insulin resistance and metabolic syndrome. Furthermore, NHHR has been shown as a more potent predictor of non-alcoholic
fatty liver disease (NAFLD)."' Some recent research have found that vitamin D deficiency increases the risk of dyslipidemia,
and that vitamin D supplementation affects serum lipid levels, lowering total cholesterol, triglycerides, and LDL cholesterol

while increasing HDL cholesterol.'”

Vitamin D; supplementation reduces lipid production, oxidative stress, and apoptosis in
diabetic mice and has been demonstrated to drastically lower plasma triglyceride and LDL cholesterol levels.'? Furthermore,
a number of research on NHHR and the risk of developing T2DM have been published”'* However the relationship between
NHHR and vitamin D in T2DM has not been studied. Therefore, the aim of our current research was to figure out: 1) the
relationship between NHHR and vitamin D in T2DM, whether there were gender differences; 2) Whether NHHR is an

independent influencing factor for vitamin D.

Materials and Methods

Research Subjects

The Department of Endocrinology at Hebei General Hospital carried out this research from December 2021 to
September 2022. Participants in the study had to meet the 1999 World Health Organization diagnostic criteria for
diabetes mellitus. The following individuals were excluded from this study: those with type 1 diabetes or acute diabetic
complications, pregnant women, those with hepatic or renal impairment, tumors, those with thyroid diseases, those with
hyperparathyroidism, and those using medications that may influence vitamin D. All participants endorsed an informed
consent form before to registration, and this research was authorized by the medical ethics committee of the Hebei
General Hospital. The Declaration of Helsinki was followed during the study’s execution.

Information and Biochemical Measurements

A questionnaire was filled out by all participants to provide general information covering age, gender, medical history,
menopause history, smoking and alcohol consumption. A professional took two measurements of the participants’ height,
weight, body mass index (BMI), and systolic and diastolic blood pressure, recording the mean values. Subjects had blood
specimens collected after an 8-hour fasting to measure vitamin D, triglycerides (TG), total cholesterol (TC), high-density
lipoprotein cholesterol (HDL-C), low-density lipoprotein cholesterol (LDL-C), albumin (Alb), alanine aminotransferase
(ALT), aspartate aminotransferase (AST), urea nitrogen (BUN), creatinine (SCr), uric acid (UA), glomerular filtration rate
(GFR); fasting blood glucose (FBG) and glycosylated hemoglobin (HbA1c). Laboratory doctors in the Department of Nuclear
Medicine, Hebei General Hospital, tested 25-hydroxyvitamin D3 using the electrochemiluminescence method. NHHR was
computed as non-HDL-C [mmol/L]/HDL-C [mmol/L]. TC [mmol/L.] — HDL-C [mmol/L] equals non-HDL-C [mmol/L].

Statistical Analysis

The analyses in this research were carried out using SPSS 26.0 for data processing. The Kolmogorov—Smirnov test was
employed to examine normal distributions. Data which were not normally distributed were presented as median values
(25th-75th interquartile range), while continuous variables that followed a normal distribution were expressed as mean
standard deviation. Numbers are used to express data for categorical variables (percentages). The Student’s #-test or the
Mann—Whitney test was employed to compare clinical parameters between groups. Using the x2 test, categorical
variables were compared. To examine the relationship between each indicator and the NHHR, Spearman or Pearson
correlation analysis was utilized. The independent relationship between NHHR and vitamin D levels was examined using
multiple linear regression analysis. P-values <0.05 were considered statistically significant.

Results

Clinical Characteristics of All Participants
This study comprised a total of 617 type 2 diabetes patients, including 216 males and 401 females. The average BMI was
26.20 kg/m?, the average age was 59.24 years, and the average DM duration was 10 years. The mean FBG and the mean
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percentage of glycosylated hemoglobin were both 7.61 mmol/L and 8.60%, respectively. Of the total subjects, metformin
was used by 375 (60.78%), insulin was applied by 345 (55.92%) and statins by 376 (60.94%). The average vitamin D
level was 17.80 ng/mL, and 378 subjects (61.3%), who had 25(OH)D levels below 20 ng/mL. With a mean NHHR value
of 3.29, 310 patients overall (50.24%) had high NHHR values (Table 1).

Clinical Features of All Patients with T2DM with and without Vitamin D Deficiency
As shown in Table 2, patients with vitamin D deficiency had considerably higher NHHR and HbAlc levels in
comparison with subjects who had no vitamin D insufficiency (P<0.001). When compared with those who were not
vitamin D deficient, patients in the vitamin D deficiency group had considerably lower levels of age, albumin, AST,
HDL, and non-HDL (P<0.05). In contrast, fasting blood glucose levels, total cholesterol, triglycerides, and LDL were
considerably higher in vitamin D deficient patients (P<0.05). In terms of gender, BMI, and length of diabetes, there were
no appreciable variations between two groups. In addition, in the vitamin D deficient group, the number of people on
metformin, insulin and statins was comparable to the non-vitamin D deficient group. Figure 1 illustrates the difference in
NHHR between the group with vitamin D insufficiency and the group without one.

Table | Clinical Characteristics of All Participants

Characteristics

Subjects (n=617)

Male (%)

Smoking (%)
Drinking (%)

Age (year)

DM duration (year)
BMI (kg/m?)

SBP (mmHg)

DBP (mmHg)

Alb (g/L)

ALT (U/L)

AST (U/L)

SCr (mmol/L)

UA (mmol/L)
BUN (mmol/L)
GFR (mL/min)
FBG (mmol/L)

TC (mmol/L)

TG (mmol/L)
LDL-C (mmol/L)
HDL-C (mmol/L)
Non-HDL-C (mmol/L)
HbAlc (%)
Medication
Metformin (%)
Insulin (%)

Statins (%)
Vitamin D (ng/mL)
NHHR

401(65.0%)
172(27.9%)
172(27.9%)
59.2411.35
10.00(4.00,17.00)
26.20(24.13,28.41)
133.00(122.00, 147.00)
81.00(74.00,88.00)
41.60(39.00,44.20)
18.50(13.80,26.60)
19.30(16.10,24.00)
66.00(57.30,76.30)
305.30(259.7,362.10)
5.40(4.60,6.48)
97.39(86.78,105.56)
7.61(6.08,10.15)
459(3.78,5.31)
1.42(1.04,2.05)
3.03(2.38,3.57)
1.06(0.90,1.23)
3.49(2.72,4.17)
8.60(7.10,10.20)

375 (60.78%)
345 (55.92%)
376 (60.94%)

17.80(13.58,23.01)
3.29(2.65,3.95)

Abbreviations: BMI, body mass index; SBP, systolic blood pressure;
DBP, diastolic blood pressure; Alb, albumin; ALT, alanine aminotransfer-
ase; AST, aspartate aminotransferase; SCr, creatinine; UA, uric acid;
BUN, urea nitrogen; GFR, glomerular filtration rate; TC, total choles-
terol; TG, triglyceride; FBG, fasting blood glucose; LDL-C, low-density
lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol;
Non-HDL-C, non-high-density lipoprotein Cholesterol; HbAlc, gly-
cated hemoglobin; NHHR, non-high-density lipoprotein cholesterol to
high-density lipoprotein cholesterol ratio.
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Table 2 Clinical Features of All Patients with T2DM with and without Vitamin D Deficiency

Vitamin D Deficiency No Vitamin D Deficiency P-value
(n=378) (n=239)
Male (%) 243(64.29%) 158(66.10%) 0.644
Smoking (%) 106(28.04%) 66 (27.62%) 0.758
Drinking (%) 102(26.98%) 70 (29.29%) 0.870
Age (year) 58.52+12.20 60.35+9.80 0.001*
DM duration (year) 10.00(4.00,16.00) 10.00(4.00,17.00) 0910
BMI (kg/m?) 26.64+3.49 25.95(23.99,27.98) 0.053
SBP (mmHg) 135.00(124.00,149.00) 131.04£18.30 0.004*
DBP (mmHg) 81.00(74.00,89.00) 80.00(72.00,88.00) 0.260
Alb (g/L) 40.90(38.10,43.60) 42.40(40.20,45.05) <0.001*
ALT (U/L) 18.15(13.58,25.23) 19.10(14.45,27.20) 0.194
AST (U/L) 18.65(15.38,23.43) 20.10(16.95,24.40) 0.004*
SCr (mmol/L) 65.55(56.68,75.38) 66.40(57.70,78.60) 0.593
UA (mmol/L) 306.85(260.48,365.53) 300.10(254.55,361.40) 0.436
BUN (mmol/L) 5.50(4.70,6.53) 5.30(4.60,6.53) 0.297
GFR (mL/min) 97.79(85.59,106.38) 96.91(87.16,104.00) 0.474
FBG (mmol/L) 7.86(6.28,10.82) 7.30(5.91,9.81) 0.022*
TC (mmol/L) 4.74(3.82,5.38) 4.55+1.18 0.041*
TG (mmol/L) 1.56(1.11,2.29) 1.26(0.94,1.72) 0.000%*
LDL-C (mmol/L) 3.13+0.90 2.94+0.93 0.015*
HDL-C (mmol/L) 1.04(0.88,1.19) 1.12(0.95,1.29) 0.002%*
Non-HDL-C (mmol/L) 3.65(2.82,4.30) 3.42%1.06 0.004*
HbAlc (%) 8.90(7.50,10.50) 8.00(6.70,9.70) <0.001*
Medication
Metformin (%) 234 (62%) 141 (59.8%) 0.517
Insulin (%) 217 (57.3%) 128 (53.5%) 0.386
Statins (%) 234 (62.07%) 142 (59.57%) 0.634
Vitamin D (ng/mL) 14.48(11.27,16.83) 24.17(21.86,29.07) <0.001*
NHHR 3.41(2.79/4.16) 3.11£0.91 <0.001*

Note: *Denotes significance at a P value of <0.05.

Abbreviations: BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; Alb, albumin; ALT, alanine
aminotransferase; AST, aspartate aminotransferase; SCr, creatinine; UA, uric acid; BUN, urea nitrogen; GFR, glomerular filtration
rate; FBG, fasting blood glucose; TC, total cholesterol; TG, triglyceride; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-
density lipoprotein cholesterol; Non-HDL-C, non-high-density lipoprotein Cholesterol; HbAlc, glycated hemoglobin; NHHR,
non-high-density lipoprotein cholesterol to high-density lipoprotein cholesterol ratio.

Clinical Features of All T2DM Patients in the High and Low NHHR Groups

There was no discernible distinction in age between two groups, however compared to the high NHHR group, the low
NHHR group included noticeably more male patients (P<0.05). Both diastolic and systolic blood pressure levels were
noticeably higher in individuals with high NHHR when contrasted to those with low NHHR (P=0.049, P<0.001),
whereas the length of diabetes was noticeably shorter in the high NHHR group. FBG, TC, TG, LDL, non-HDL and
HbAlc levels were significantly higher in the high NHHR group compared to the low NHHR group (p < 0.001), while
HDL levels were significantly lower in the low NHHR group (P < 0.001). Vitamin D deficiency was more prominent in
the high NHHR group. When contrast to the low NHHR group, the high NHHR group had significantly lower levels of
vitamin D (P <0.001) (Table 3). The proportion of metformin and insulin use was significantly higher in the high NHHR
group than in the low NHHR group (P < 0.001). However, there was no significant difference in statins use between the
two groups (P=0.387). Figure 2 illustrates the prevalence of low vitamin D levels and vitamin D insufficiency in
individuals who have high NHHR levels to those with low levels of NHHR.
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Figure | Comparison of NHHR in non-vitamin D deficient and vitamin D deficient groups in all participants. *Denotes significance at a P value of <0.05.

Clinical Features of Male and Female Patients with T2DM with and without Vitamin D
Deficiency

Male patients with vitamin D insufficiency had considerably higher NHHR values than male patients without vitamin D
deficiency in contrast to vitamin D deficient group (P<0.001). In comparison to female patients without vitamin D

Table 3 Clinical Features of All T2DM Patients in the High and Low NHHR Groups

High NHHR Low NHHR P-value
(n=310) (n=307)
Male (%) 188(60.64%) 213(69.38%) 0.023*
Smoking (%) 97(31.29%) 75(24.43%) 0.054
Drinking (%) 95(30.65%) 77(25.08%) 0.117
Age (year) 57.92+11.77 60.66+10.97 0.208
DM duration (year) 9.00(3.00,15.00) 10.00(6.00,18.00) <0.001*
BMI (kg/m?) 26.18(24.22,28.52) 26.25(23.87,28.36) 0.357
SBP (mmHg) 134.00(124.00,148.00) 132.00(120.00,143.00) 0.049*
DBP (mmHg) 81.00(76.00,90.00) 79.00(71.00,87.00) <0.001*
Alb (g/L) 41.30(38.90,44.10) 41.80(39.08,44.20) 0.467
ALT (U/L) 18.20(13.80,27.10) 18.90(13,88,26.53) 0.710
AST (U/L) 19.00(16.80,23.80) 19.55(16.80,24.10) 0.085
SCr (mmol/L) 66.60(56.20,76.40) 65.55(58.08,76.33) 0.637
UA (mmol/L) 311.90(269.90,372.20) 298.35(247.18,354.10) 0.016*
BUN (mmol/L) 5.40(4.60,6.50) 5.40(4.70,6.40) 0.755
GFR (mL/min) 96.75(85.85,104.03) 98.26(88.08,106.52) 0.069
FBG (mmol/L) 8.21(6.35,10.97) 7.06(5.75,9.60) <0.001*
TC (mmoliL) 5.06(4.46,6.00) 3.94(3.38,4.74) <0.001*
TG (mmollL) 1.80(1.29,2.63) 1.16(0.87,1.52) <0.001*
(Continued)

Diabetes, Metabolic Syndrome and Obesity 2023:16

https:

2665


https://www.dovepress.com
https://www.dovepress.com

Zhen et al Dove

Table 3 (Continued).

High NHHR Low NHHR P-value
(n=310) (n=307)
LDL-C (mmol/L) 3.45(2.99,4.04) 2.47(2.04,3.05) <0.001*
HDL-C (mmol/L) 1.02(0.87,1.15) 1.13(0.96,1.31) <0.001*
Non-HDL-C (mmol/L) 4.03(3.52,4.87) 2.85(2.33,3.49) <0.001*
HbAlc (%) 8.90(7.50,10.68) 8.20(6.70,9.80) <0.001*
Medication
Metformin (%) 208 (67.80%) 166 (54.39%) <0.001*
Insulin (%) 190 (61.29%) 155 (50.49%) <0.001*
Statins (%) 188 (60.67%) 188 (61.24%) 0.387
Vitamin D (ng/mL) 16.21(12.55,21.35) 19.05(14.59,24.07) <0.001*
Prevalence of vitamin D deficiency 213(68.71%) 165(53.75%) <0.001*

Note: *Denotes significance at a P value of <0.05.

Abbreviations: BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; Alb, albumin; ALT, alanine
aminotransferase; AST, aspartate aminotransferase; SCr, creatinine; UA, uric acid; BUN, urea nitrogen; GFR, glomerular filtration
rate; FBG, fasting blood glucose; TC, total cholesterol; TG, triglyceride; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-
density lipoprotein cholesterol; Non-HDL-C, non-high-density lipoprotein Cholesterol; HbAlc, glycated hemoglobin.

insufficiency, female patients with vitamin D insufficiency exhibited substantially higher NHHR values (P<0.001) (Table 4).
Figure 3 illustrates the variations in NHHR and vitamin D levels between the male and female groups.

Association Between Vitamin D and NHHR in T2DM Patients

As Table 5 and Figure 4 illustrate, Vitamin D was detected to be inversely linked with NHHR (r =—0.202, P< 0.001) in all
research subjects, and it was also inversely linked with NHHR in male Participants (r =—0.166, P=0.001) and female
participants (r =—0.263, P<0.001).

Multivariate Linear Regression Analysis of Vitamin D and NHHR in T2DM
In all subjects, Vitamin D had a negative correlation with NHHR in crude model 1 (B=—0.196, P<0.001), model 2
(adjusted for age, BMI and DM duration) (f=—0.200, P<0.001), model 3 (adjusted for age, BMI, DM duration, Alb, SBP,

All participants All participants
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Figure 2 Comparison of 25(OH)D levels and prevalence of vitamin D deficiency in the High NHHR and Low NHHR groups for all participants (A) Comparison of 25(OH)
D levels in the high NHHR and low NHHR groups for all participants. (B) Comparison of prevalence of vitamin D deficiency in the high NHHR and NHHR groups for all
participants. * Denotes significance at a P value of <0.05.
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Table 4 Clinical Features of Male and Female Patients with T2DM with and without Vitamin D Deficiency
Male Participants Female Participants
Vitamin D No Vitamin D P Vitamin D No Vitamin D P
Deficiency Deficiency Deficiency Deficiency
(n=243) (n=158) (n=135) (n=81)

Smoking (%) 86 (34.15%) 54 (34.18%) 0.758
Drinking (%) 82 (33.74%) 55(34.81%) 0.870
Age (year) 56.05+12.81 60.11£10.24 0.001* 63.15£10.04 60.88+8.85 0.094
DM duration 9.00(4.00,14.50) 10.00(4.25,16.75) 0.348 11.00(6.00,17.00) 10.00(4.00,19.00) 0.380
(year)
BMI (kg/m?) 26.65+3.48 26.14%3.03 0.18l 26.62+3.53 25.53(23.67,27.34) 0.134
SBP (mmHg) 132.00(123.00,148.00) 130.38+17.00 0.016* 138.00(126.00,150.00) | 134.00(123.00,144.00) 0.099
DBP (mmHg) 82.00x11.42 80.00(73.25,88.00) 0.199 79.89+11.49 79.44%12.53 0.791
Alb (g/L) 41.60(39.00,44.00) 42.73+3.47 0.001* 39.70(37.00,42.60) 42.10(40.05,44.60) <0.001*
ALT (U/L) 19.10(13.75,26.80) 19.95(14.95,29.05) 0.244 16.90(13.40,24.70) 17.10(13.80,25.15) 0.589
AST (U/L) 19.00(15.55,23.40) 20.05(16.83,24.45) 0.042* 18.20(15.10,23.90) 20.10(17.00,24.75) 0.039*
SCr (mmol/L) 67.90(59.75,76.45) 68.45(61.53,79.73) 0.573 62.40(52.60,74.10) 60.80(51.80,75.80) 0.895
UA (mmol/L) 311.60(268.45,363.20) 325.53+90.01 0.685 295.90(258.50,363.60) 291.60+£84.21 0.057
BUN (mmol/L) 5.50(4.75,6.50) 5.30(4.60,6.30) 0.182 5.40(4.40,6.60) 5.30(4.70,6.45) 0.961
GFR (mL/min) 101.55(90.38,109.43) | 97.23(88.59,104.94) 0.030* 92.28(79.98,100.90) 96.47(84.89,102.18) 0.118
FBG (mmol/L) 7.60(6.18,11.01) 7.24(5.88,9.91) 0.089 8.70+3.31 7.36(5.91,9.66) 0.117
TC (mmol/L) 4.56(3.61,5.27) 4.35+1.03 0.151 4.89(4.20,5.95) 4.61(3.87,5.71) 0.166
TG (mmol/l) 1.40(1.06,2.24) 1.18(0.91,1.69) 0.002* 1.74(1.33,2.42) 1.39(0.99,1.73) <0.001*
LDL-C (mmol/L) 3.02(2.29,3.48) 2.81+0.80 0.077 3.26(2.80,3.84) 3.16%1.03 0.143
HDL-C (mmol/L) 1.01(0.87,1.19) 1.10£0.25 0.036* 1.08(0.92,1.21) 1.20+0.27 0.015%
Non-HDL-C 3.26:0.94 3.29(2.56,3.91) 0.044* 3.79(3.20,4.70) 3.45(2.79,4.51) 0.045*
(mmol/L)
HbAlc (%) 8.90(7.30,10.50) 7.80(6.60,9.60) 0.001* 9.00(7.50,10.53) 8.70+2.06 0.105
Medication

Metformin (%) 163 (67.07%) 102 (64.80%) 0.576 68 (50.37%) 42 (51.85%) 0.617

Insulin (%) 142 (58.43%) 89 (56.60%) 0.392 70 (51.85%) 44 (53.08%) 0.343

Statins (%) 153 (62.85%) 101 (63.76%) 0.671 77 (56.92%) 45 (55.80%) 0.562
Vitamin D (ng/mL) 14.63(11.66,16.90) 24.24(21.87,29.90) | <0.001* 14.29(10.75,16.83) 24.07(21.84,28.66) <0.001*
NHHR 3.42+0.98 3.06+£0.93 <0.001* 3.65+0.84 3.14£0.86 <0.001*

Note: *Denotes significance at a P value of <0.05.
Abbreviations: BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; Alb, albumin; ALT, alanine aminotransferase; AST, aspartate
aminotransferase; SCr, creatinine; UA, uric acid; BUN, urea nitrogen; GFR, glomerular filtration rate; FBG, fasting blood glucose; TC, total cholesterol; TG, triglyceride;
LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol; Non-HDL-C, non-high-density lipoprotein Cholesterol; HbAlc, glycated hemo-
globin; NHHR, non-high-density lipoprotein cholesterol to high-density lipoprotein cholesterol ratio.

HbAlc) (B=—0.178, P<0.001) and model 4 (adjusted for age, BMI, DM duration, Alb, SBP, HbAlc, Scr, UA, BUN,

GFR) (B =—0.175, P<0.001) (Table 6).

In spite of whether the model is adjusted or not, NHHR was found to be inversely related with vitamin D in female
participants with T2DM (model 1: =—0.271, P<0.001; model 2: =—0.274, P<0.001; model 3: =—0.243, P<0.001; model 4: =
—0.230, P=0.001) (Table 7). In the same way, NHHR was also found to be adversely related with vitamin D in male participants
with T2DM (model 1: =—0.155, P=0.002; model 2: =—0.127, P=0.017; model 3: =—0.103, P=0.044; model 4: =0.103, P=0.047),
in spite of whether the model is adjusted or not (Table 8).

Discussion

Vitamin D deficiency is becoming a very common disorder worldwide and is estimated to occur in approximately
one billion people worldwide due to the compromised bioavailability of vitamin D as a result of human lifestyle, diet and
the use of sun protection.'>'® Vitamin D that has been absorbed is attached to celiac particles, which are taken up by the
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Figure 3 Comparison of NHHR levels and vitamin D levels in female and male participants (A) Comparison of NHHR between the vitamin D deficient group and the no
vitamin D deficiency group in male participants. (B) Comparison of NHHR between the vitamin D deficient and no vitamin D deficient groups in female participants. (C)
Comparison of vitamin D in the High NHHR and Low NHHR groups among male participants. (D) Comparison of vitamin D in the High NHHR and Low NHHR groups
among female participants. * Indicates significance at p-value < 0.05.

lymphatic system and delivered into the bloodstream. Vitamin D, and D; from the diet and vitamin D5 from skin
manufacturing are linked to albumin and vitamin D binding protein (DBP). Vitamin D (where D stands for D, or D3) is
delivered to the liver, where it is converted by 25-hydroxylase into 25 (OH) D, the main circulating form of vitamin D; In
the kidney, it is converted to 1,25 (OH) ,D by 1A-hydroxylase. 1,25 (OH),D binds to DBP, enters the circulation, reaches
effector tissue cells, binds to vitamin D receptor (VDR) in cells, performs various physiological functions and regulate
biological metabolism. VDRs are distributed in practically all tissues and cells in the body, despite the fact that they are

Table 5 Correlation Between Vitamin D and Other Factors in Patients with T2DM

All Participants

Male Participants

Female Participants

Vitamin D (ng/mL)

Vitamin D (ng/mL)

Vitamin D (ng/mL)

Age (year) r- value 0.023 0.148 —-0.197
P-value 0.571 0.003* 0.004*
DM duration (year) r- value —041 0.008 —0.104
P-value 0.306 0.869 0.129

(Continued)
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Table 5 (Continued).
All Participants Male Participants | Female Participants
Vitamin D (ng/mL) | Vitamin D (ng/mL) | Vitamin D (ng/mL)
BMI (kg/m?) r- value —0.068 —0.070 —0.063
P-value 0.091 0.163 0.359
SBP (mmHg) r- value —0.149 —0.143 —0.160
P-value <0.001* 0.004%* 0.018*
DBP (mmHg) r- value —0.062 —0.091 —0.031
P-value 0.124 0.068 0.654
Alb (g/L) r- value 0.286 0.224 0.384
P-value <0.001* <0.001* <0.001*
ALT (U/L) r- value 0.085 0.074 0.086
P-value 0.035* 0.142 0.208
AST (U/L) r- value 0.149 0.123 0.190
P-value <0.001* 0.014* 0.005*
SCr (mmol/L) r- value 0.035 0.047 —0.010
P-value 0.383 0.350 0.888
UA (mmol/L) r- value 0.003 0.039 —-0.071
P-value 0.934 0.440 0.299
BUN (mmol/L) r- value —0.024 —0.035 —0.009
P-value 0.551 0.485 0.8999
GFR (mL/min) r- value —0.013 -0.113 0.144
P-value 0.757 0.024%* 0.034*
FBG (mmol/L) r- value —0.108 —0.094 —0.134
P-value 0.007* 0.060 0.049*
TC (mmol/L) r- value —0.088 —0.071 —0.096
P-value 0.028* 0.156 0.158
TG (mmol/L) r- value -0.214 —0.188 —0.257
P-value <0.001* <0.001* <0.001*
LDL-C (mmol/L) r- value —0.104 —0.092 —0.093
P-value 0.010% 0.065 0.173
HDL-C (mmol/L) r- value 0.111 0.108 0.136
P-value 0.006* 0.031* 0.046*
Non-HDL-C (mmol/L) r- value —0.122 —0.100 —0.137
P-value 0.002* 0.045* 0.045*
(Continued)
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Table 5 (Continued).

All Participants Male Participants | Female Participants

Vitamin D (ng/mL) | Vitamin D (ng/mL) | Vitamin D (ng/mL)

HbAlc (%) r- value -0.209 -0.212 -0.203
P-value <0.001* <0.001* 0.003*
NHHR r- value —0.202 —0.166 —0.263
P-value <0.001* 0.001* <0.001*

Note: *Denotes significance at a P value of <0.05.

Abbreviations: BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; Alb, albumin; ALT, alanine
aminotransferase; AST, aspartate aminotransferase; SCr, creatinine; UA, uric acid; BUN, urea nitrogen; GFR, glomerular filtration rate;
FBG, fasting blood glucose; TC, total cholesterol; TG, triglyceride; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density
lipoprotein cholesterol; Non-HDL-C, non-high-density lipoprotein Cholesterol; HbAlc, glycated hemoglobin; NHHR, non-high-density
lipoprotein cholesterol to high-density lipoprotein cholesterol ratio.

primarily found in tissues that control calcium and phosphorus homeostasis. And there is increasing proof that vitamin D
functions outside of the skeleton.* Vitamin D can perform a wide range of biological functions owing to the widespread
distribution of VDR in tissue cells, including controlling cell differentiation and proliferation, cellular immunity,
obstructing angiogenesis, and stimulating the secretion of insulin and renin.® Vitamin D insufficiency accelerates the
evolution of type 2 diabetes and its complications by an unknown mechanism, but many studies suggest that it is closely
linked to insulin resistance, disturbances in glucose metabolism and oxidative stress.'”'® Vitamin D deficiency promotes
the development and progression of microvascular and macrovascular complications of T2DM,">'¢ including peripheral
neuropathy (DPN), retinopathy (DR), diabetic nephropathy (DN) and coronary atherosclerosis. In addition, vitamin D

A All participants B Male participants
60 . r=-0.202 60 . r=-0.166
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= = . .
E E
o 40 o 40
E E
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E
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0 T T 1
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Figure 4 Correlation between vitamin D and NHHR levels (A) Correlation between vitamin D and NHHR levels in all participants. (B) Correlation between vitamin D and
NHHR levels in male participants. (C) Correlation between vitamin D and NHHR levels in female participants.
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Table 6 Correlation Between Vitamin D with NHHR in All T2DM Patients

B (95% CI) Std. Error Beta t P
Model | | —1.627 (—2.283, —0.970) 0.334 —0.196 —4.867 <0.001*
Model 2 | —1.666 (—2.342, —0.990) 0.344 —0.200 —4.840 <0.001*
Model 3 | —1.481 (—2.156, —0.806) 0.344 —0.178 —4.309 <0.001*
Model 4 | —1.452 (-2.134, —0.770) 0.347 —0.175 —4.182 <0.001*

Note: *Denotes significance at a P value of <0.05.

Table 7 Correlation Between Vitamin D and NHHR in Female Patients with T2DM

B (95% CI) Std. Error Beta t P
Model | | —2.365 (—3.513, —1.216) 0.583 —0.271 —4.058 <0.001*
Model 2 | —2.393 (=3.539, —1.24¢) 0.582 —0.274 —4.115 <0.001*
Model 3 | —2.215 (—3.293, —0.957) 0.592 —0.243 —3.587 <0.001*
Model 4 | —2.004 (—3.194, —0.815) 0.603 —0.230 -3.322 0.001*

Note: *Denotes significance at a P value of <0.05.

Table 8 Correlation Between Vitamin D and NHHR in Male Patients with T2DM

B (95% CI) Std. Error Beta t P
Model | | —1.266 (—2.074, —0.457) 0411 —0.155 -3.077 0.002%
Model 2 | —1.038 (—1.893, —0.183) 0.435 —0.127 —2.387 0.017*
Model 3 | —0.845 (—1.667, —0.024) 0418 —0.103 —2.025 0.044%*
Model 4 | —0.845 (—1.677, —0.012) 0.424 —0.103 —1.994 0.047%

Note: *Denotes significance at a P value of <0.05.

deficiency can lead to an increased risk of non-alcoholic fatty liver disease, bladder cancer, colorectal cancer and other
diseases.'"'?* Vitamin D plays a wide range of roles and is essential for physical fitness and health, therefore early
discovery of vitamin D deficiency is particularly important in preventing the development of diabetes and its
complications.

Diabetic patients typically have atherosclerotic lipid disorders, which are identified as raised levels of non-HDL-C,
TG, and decreased concentrations of HDL-C. It has been shown that atherosclerotic lipid disorders are a distinct risk
factor for diabetes.”’ NHHR is a comprehensive lipid index that includes information on all atherogenic and anti-
atherogenic lipid microparticles. In this study, we found that patients with T2DM with higher NHHR levels were more
likely to develop vitamin D deficiency and that NHHR values were significantly and independently negatively correlated
with vitamin D levels. Therefore, we suggest that high NHHR is a risk factor for the development of vitamin D
deficiency in patients with type 2 diabetes. Our analysis may be related to the following mechanisms. Firstly, non-HDL-C
covers a greater proportion of atherogenic cholesterol that is transported to peripheral cells, including low-density
lipoprotein-C, very low-density lipoprotein (VLDL-C), medium-density lipoprotein (IDL-C), celiac particles and their
TG-rich lipoprotein residues’*? NHHR represents the balance of cholesterol transport. A higher NHHR index indicates
a greater tendency for peripheral cholesterol deposition, elevated distribution of blood cholesterol to peripheral cells may
lead to insulin resistance or islet beta-cell dysfunction, and cholesterol deposition in peripheral cells, which may increase
peroxisome proliferator-activated receptor-yexpression®, thereby increasing peripheral insulin resistance, leading to
vitamin D deficiency. This may lead to inhibition of vitamin D binding to its receptor, which may exacerbate insulin
resistance and affect glucose metabolism, among other things. Secondly, vitamin D regulates the immune response of
macrophages and monocytes, thereby reducing the production of inflammatory factors and reducing the inflammatory
response,”* while HDL is involved in the reverse cholesterol transport (RCT) pathway, which transports excess
peripheral cholesterol to the liver for metabolism. HDL-C has anti-inflammatory and antioxidant biological functions
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and may prevent the development of vitamin D deficiency by inhibiting endoplasmic reticulum stress and B-cell
apoptosis, thereby preventing the development of vitamin D deficiency. In an analysis of 48,703 Korean individuals,
Kim S.W. discovered that NHHR helped identify persons who were more likely to develop the metabolic syndrome and
insulin resistance.'® As a result, it was discovered that NHHR had good diagnostic capability for identifying insulin
resistance, and the integration of non-HDL-C and HDL-C was considerably more precise in predicting disorders related
with the probability of developing diabetes than traditional lipid measurements.”> According to this study’s findings,
vitamin D insufficiency is linked to poor lipid metabolism. In Chinese T2DM patients, NHHR, a measure of the lipid
metabolic response, is strongly correlated with vitamin D insufficiency.

All study participants were split into vitamin D deficiency and no vitamin D deficiency groups, and pertinent clinical
characteristics were gathered to evaluate them. The vitamin D insufficiency group exhibited lower amounts of albumin but
higher systolic blood pressure in comparison with no vitamin D deficiency group, this result is in line with Jia’s findings.*®
Uncertainty about the process by which they interact, which may be caused by confounding variables like gender and age,
exists. The incidence of vitamin D insufficiency in younger individuals raised the possibility that the type of labor performed
by vitamin D deficient patients may be connected to vitamin D levels. Consistent with earlier investigations, fasting blood
glucose and glycated hemoglobin levels were higher in vitamin D deficient group in comparison with the non-vitamin
D deficient group.?” We detected variations in vitamin D values and the prevalence of vitamin D inadequacy between the two
groups of patients when we separated patients based on their median NHHR index. In T2DM patients, NHHR were adversely
linked with vitamin D levels. Whether to adjust the model or not, we discovered that NHHR were independently and adversely
related with vitamin D levels in both male and female T2DM populations.

There are several advantages to this study. Firstly, this is the first research to certify a negative relationship between NHHR
and vitamin D in the Chinese T2DM population. Secondly, NHHR can be easily calculated because it has a straightforward
formula and is a biochemical indication that we frequently test. There are obviously some drawbacks to this study. This
research also has some shortcomings. Firstly, we were unable to confirm a causal link between vitamin D insufficiency and
NHHR because this was a cross-sectional observational study design. Secondly, we were unable to control for the effects of
factors such as diet, sunlight hours, seasonal variations and different types of lipid-lowering medications on vitamin D and
lipid levels. In addition, the study did not deepen the effects of smoking and drinking habits on vitamin D and lipid levels, and
did not collect data such as proteinuria, but only included GFR, which did not allow a better assessment of renal function in the
study population. Future studies on vitamin D levels should incorporate an in-depth analysis of all these influencing factors,
taking into account the nature of the work of the study population, individual dietary habits, seasonal variations, outdoor
activities, and the effects of lipid-lowering medications.

Conclusion

In summary, this study detected that high NHHR was a risk factor for vitamin D deficiency in patients with type 2
diabetes. Moreover, NHHR was independently and negatively associated with vitamin D levels in patients with T2DM,
and there were no gender differences.
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The authors report no conflicts of interest in this work.
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