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Vitamin D 25-hydroxyvitamin D 

Liver 25-hydroxylase 

1,25-dihydroxyvitamin D 

Kidney 1α-hydroxylase 

Vitamin D receptor 

↑ Intestinal Ca and PO4 absorption 

↓ Urinary Ca excretion 

↑ Bone remodeling 

Non-skeletal effects 

Diets & supplements 

Sunlight exposure 



Endocrine Society Clinical Practice Guideline on Vitamin D 2011 

Excess 

Normal 

Deficient 

100 ng/ml 

20 ng/ml 

30 ng/ml 
Insufficient 

25(OH)D 
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How common is vitamin D 
deficiency/insufficiency in Thailand? 
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Sources of vitamin D 
• Diet 

• D2: Sun-exposed mushroom, fortified products 

• D3: Cod liver oil, salmon, mackerel, tuna, fortified products 

• Sunlight  
• Winter: No vitamin D3 synthesis at latitude >33° 
• Spring, Summer, Fall: vitamin D3 production 10 am – 3 pm 

• Supplement 
 



Vitamin D 

Circulating 
25-hydroxyvitamin D3 

Liver 25-hydroxylase 

Circulating  
vitamin D 

Chylomicrons Lymphatic system 

40% cleared in the lipoprotein bound fraction 

Duodenal villi 

Bile acid 

Micelles 

• Gastric bypass surgery 

• Celiac disease 
• Villous atrophy 
• SIBO 

• Bile acid insufficiency 
• IBD 
• Cystic fibrosis  
• Chronic pancreatitis 

• Lymphangiectasia 
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25-hydroxyvitamin D3 
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A Pilot Clinical Trial to Evaluate the Pharmacokinetics of Orally Administered 25-hydroxyvitamin D3 and 
Vitamin D3 in Healthy Adults and Adults With a History of Intestinal Malabsorption 

 

Study design: Randomized double-blinded crossover study  

Subjects: 10 healthy adults and 6 malabsorptive patients with vitamin D insufficiency or deficiency 

Eligibility criteria 

 Age ≥18 years old (healthy or with a history of intestinal malabsorption) 

 No conditions affecting vitamin D metabolism 

 Vitamin D deficiency/insufficiency defined by serum total 25(OH)D <30 ng/mL 

 Not taking vitamin D supplement within 2 weeks 

 Not pregnant 

 No contraindications to oral vitamin D 
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Intervention: Pharmacokinetic studies of orally administered 900 µg vitamin D3 and 900 µg 25(OH)D3 
 

 Serum measurement Baseline 2 h 4 h 6 h 8 h 12 h 1 d 2 d 3 d 7 d 14 d 

Vitamin D (D2 & D3) X X X X X X X X X X X 

25(OH)D  
[25(OH)D2 & 25(OH)D3] 

X X X X X X X X X X X 

Ca, PO4, iPTH, albumin, Cr X X 

Healthy adults & 
malabsorptive patients 

Orally administered  
900 µg vitamin D3 & 

pharmacokinetic study 

Orally administered  
900 µg 25(OH)D3 & 

pharmacokinetic study 

Orally administered  
900 µg vitamin D3 & 

pharmacokinetic study 

Orally administered  
900 µg 25(OH)D3 & 

pharmacokinetic study 

Randomization 

28-day wash out period 
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 Results 
• Baseline characteristics of healthy adults and malabsorptive patients 

 

 

 

 

 

 

 

 

 

 

 
 

  Data were expressed as mean ± SEM 

  Healthy participants  

(N = 10) 

Malabsorptive patients  

(N = 6) 

p-value 

Age 32.3 ± 2.7 46.5 ± 4.1 0.010* 

Number of female participants 8 (80 %) 6 (100 %)   

Body mass index (kg/m2) 27.0 ± 2.1 32.7 ± 4.1 0.192 

Ethnicity       

• Caucasian 5 (50 %) 4 (67 %)   

• Hispanic 0 (0 %) 1 (17 %)   

• Asian 2 (20 %) 0 (0 %)   

• Black 3 (30 %) 1 (17 %)   

Diagnosis 

• Gastric bypass surgery 4 (67 %) 

• Intestinal lymphangiectasia 1 (17 %) 

• Ulcerative colitis 1 (17 %) 
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 Results 
• Baseline characteristics of healthy adults and malabsorptive patients 

 

 

 

 

 

 

 

 

 
 
 

   
    Data were expressed as mean ± SEM 

  Healthy participants  

(N = 10) 

Patients with fat malabsorption  

(N = 6) 

p-value 

Vitamin D2 (ng/mL) 0.0 ± 0.0 0.0 ± 0.0 N/A 

Vitamin D3 (ng/mL) 0.0 ± 0.0 1.6 ± 1.0 0.183 

Total 25-hydroxyvitamin D (ng/mL) 17.1 ± 2.3 14.7 ± 3.4 0.554 

25-hydroxyvitamin D2 (ng/mL) 0.4 ± 0.4 4.2 ± 3.1 0.284 

25-hydroxyvitamin D3 (ng/mL) 16.7 ± 2.1 10.5 ± 4.2 0.228 

Intact PTH (pg/mL) 41.5 ± 5.4 74.0 ± 16.9 0.116 

Total calcium (mg/dL) 9.4 ± 0.1 9.4 ± 0.1 0.796 

Phosphate (mg/dL) 3.9 ± 0.3 4.0 ± 0.3 0.736 

Creatinine (mg/dL) 0.8 ± 0.03 0.7 ± 0.04 0.103 

eGFR (mL/min/1.73m2) 106.8 ± 4.7 104.0 ± 6.7 0.733 

Glucose (mg/dL) 83.1 ± 7.5 89.8 ± 8.8 0.580 

Albumin (g/dL) 4.4 ± 0.08 4.1 ± 0.05 0.027* 
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 Results 
• Pharmacokinetic studies of orally administered 900 µg vitamin D3 and 900 µg 25(OH)D3 

 

 

 

 

 

 

 

 

 

 
 

    Data were expressed as mean ± SEM 
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Healthy adults 

Malabsorptive patients 

0

5

10

15

20

25

30

35

40

0 100 200 300

C
h

an
ge

 in
 s

e
ru

m
 2

5
(O

H
)D

3
 (

n
g

/m
L)

 

Time (hour) 

25(OH)D3 Bioavailability 

Healthy adults 

36% bioavailability vs. healthy adults 
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 Results 
• Pharmacokinetic studies of orally administered 900 µg vitamin D3 and 900 µg 25(OH)D3 

 

 

 

 

 

 

 

 
 

  Data were expressed as mean ± SEM 

 Pharmacokinetic 

parameters 

900 µg vitamin D3 arm  900 µg 25(OH)D3 arm 

Healthy 

adults  

(N = 10) 

Malabsorptive 

patients 

(N = 6) 

p-value Healthy 

adults  

(N = 10) 

Malabsorptive 

patients 

(N = 6) 

p-value 

AUC (ng·hr /mL) 3258 ± 496 1177 ± 425 0.022* 3128 ± 545 2667 ± 735 0.562 

Cmax (ng/mL) 53.5 ± 6.0 24.3 ± 8.4 0.016* 23.1 ± 4.6 23.2 ± 6.8 1.000 

Tmax (hr) 10.4 ± 0.7 11.3 ± 0.7 0.345 11.2 ± 4.1 5.3 ± 0.7 0.031* 

T1/2 (hr) 31.4 ± 3.3 28.7 ± 1.5 0.713 60.6 ± 7.9  65.7 ± 29.9 0.313 

Ctrough (ng/mL) 0.3 ± 0.3 0.1 ± 0.1 0.220 6.1 ± 1.3 6.7 ± 1.5 0.875 
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 Conclusions 
• Malabsorptive patients who are unable to efficiently form micelles and 

chylomicrons have difficulty absorbing vitamin D.  

• Our observations that the bioavailability of 900 µg 25(OH)D3 was not different 
between malabsorptive patients and healthy adults support that the more water-
soluble 25(OH)D3 can be absorbed directly into the portal system. 

• Orally administered 25(OH)D3 would be a good choice for treatment of  
vitamin D deficiency in malabsorptive patients. 

• Further studies should be conducted to evaluate the bioavailability of 25(OH)D in a 
larger number of patients with other malabsorptive conditions. 

 

 

 

 

Pharmacokinetic Evaluation of Vitamin D3 and 25-Hydroxyvitamin D3 in Normal and Malabsorptive Adults 
 





The Effect of Various Doses of Oral Vitamin D3 Supplementation on Gut Microbiota in Healthy Adults:  
A Randomized, Double-blinded, Dose-response Study 

 

Cardiovascular 
disease 

Cancers Autoimmune 
diseases 

Gut microbiota Vitamin D 



The Effect of Various Doses of Oral Vitamin D3 Supplementation on Gut Microbiota in Healthy Adults:  
A Randomized, Double-blinded, Dose-response Study 

 

Ref: UCLA Vitamin D Research Lab: https://www.uclahealth.org/ortho/non-classical 
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The Effect of Various Doses of Oral Vitamin D3 Supplementation on Gut Microbiota in Healthy Adults:  
A Randomized, Double-blinded, Dose-response Study 

 

Study design: Randomized, double-blinded, dose-response pilot study  

Subjects: 20 healthy adults with vitamin D insufficiency or deficiency 

 Age ≥18 years old (healthy or with a history of intestinal malabsorption) 

 No conditions affecting vitamin D absorption and metabolism 

 BMI <30 kg/m2 

 Vitamin D deficiency/insufficiency defined by serum total 25(OH)D <30 ng/mL 

 Not taking vitamin D supplement ≥ 600 IUs/d 

 Not pregnant 

 No contraindications to oral vitamin D 

 No direct exposure to artificial UVB or solar radiation during the past month for >8 hours 

 



Intervention 
 

Healthy adults 
(N = 20) 

Received 600 IUs 
vitamin D3 daily  

for 8 weeks (N = 7) 

Randomization 

Received 4,000 IUs 
vitamin D3 daily 

for 8 weeks (N = 7) 

Received 10,000 IUs 
vitamin D3 daily 

 for 8 weeks (N = 6) 

Stool collection for 
16SrRNA sequencing 
for identification of 

gut microbiota 

Stool collection for 
16SrRNA sequencing 
for identification of 

gut microbiota 
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 Results 
   

Relative abundance of Akkermansia and Porphyromonas of the participants  
at various levels of serum 25(OH)D at baseline of the study 

R = 0.684, p = 0.001 R = -0.435, p = 0.043 
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A Randomized, Double-blinded, Dose-response Study 

 



Akkermansia municiphila 

• Improvement of gut barrier function 
• ↓ Metabolic endotoxemia 

• ↓ risk of cancer, obesity, and 
atherosclerosis 

• ↓ fasting plasma glucose and 
plasma triglycerides 

The Effect of Various Doses of Oral Vitamin D3 Supplementation on Gut Microbiota in Healthy Adults:  
A Randomized, Double-blinded, Dose-response Study 

 



Porphyromonas gingivalis Chronic periodontitis Vitamin D 
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 Results 
   

Dose-dependent increase in relative abundance of Bacteroides and Parabacteroides 

Changes in relative abundance of clinically relevant bacterial genera in  
participants receiving various doses of vitamin D3 for 8 weeks 

Data are expressed 
as mean ± SEM 
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↑ Bacteroides & Parabacteroides 

Inflammatory bowel disease 

Vitamin D 
↑ Regulatory T cell 

expansion 

↓ Inflammation 
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A Randomized, Double-blinded, Dose-response Study 
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Oral vitamin D3 supplementation increases serum fibroblast growth factor 23 concentration in  
vitamin D-deficient patients: a systematic review and meta-analysis 

FGF23 

Osteocyte 

↑ Urinary PO4 excretion 

• ↑ serum PO4 

• 1,25(OH)2D 
• PTH 

+ 
+ 

• Tumor induced osteomalacia 
• X-linked hypophosphatemic rickets 
• Autosomal dominant 

hypophosphatemic rickets 
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Oral vitamin D3 supplementation increases serum fibroblast growth factor 23 concentration in  
vitamin D-deficient patients: a systematic review and meta-analysis 

Vitamin D deficiency  
[25(OH)D <20 ng/mL] 

↓ ↓ Intestinal 
calcium absorption 

↓ ↓ Ionized calcium 

Secondary  
hyperparathyroidism 

↑ Urinary PO4  
excretion 

Inadequate  
Calcium ĭ Phosphate 

Bone mineralization defect Rickets/osteomalacia 

↓ serum PO4  ↓ serum FGF23 



Oral vitamin D3 supplementation increases serum fibroblast growth factor 23 concentration in  
vitamin D-deficient patients: a systematic review and meta-analysis 

Vitamin D 
supplement 

 ↓ Urinary PO4  
excretion ↓ PTH 

↑ Tissue 
1,25(OH)2D 

↑ Serum FGF23 

 ↑ Serum PO4  



Whole Genome Sequencing for Determining the Causative 
Genetic Variations in Patients with Ehlers–Danlos Syndrome 
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Ehlers-Danlos Syndrome 



Ehlers-Danlos Syndrome 

Marfanoid Features Osteogenesis imperfecta 

Connective tissue disorders 
• Joint hypermobility 
• Skin hyperextensibility 
• Mast cell hypersensitivity 
• Vascular fragility 
• Delayed wound healing 
• Dysautonomia 
  etc. 

• Bone fragility 
• Scleral discoloration 

• Increased arm span/height 
• Long fingers 
• Long face 



Ehlers-Danlos Syndrome 

The Ehlers Danlos Society 



Ehlers-Danlos Syndrome 
Assessment site Right Left Assessment site Right Left 

Elbow hyperextension >10° 

 

1 point 1 point Hyperextension of 5th MCP 

joint 

 

1 point 1 point 

Thumb touching the forearm 

 

1 point 1 point Knee hyperextension >10° 

 

1 point 1 point 

Forward flexion of trunk,  

leg straight, palm touching floor 

 

1 point 
 

Total 9 points 

 

The Beighton score 



Ehlers-Danlos Syndrome  
Clinical Research Program 

Aim 
• To determine causative genetic variations responsible for a 

variety of clinical manifestations of EDS patients 
 

What we have achieved so far 
• DNA biobank and clinical data of 310 patients from 80 

families with 2 – 4 generations 
• A pilot WGS from index cases revealing genetic variations 

in TNXB gene which has been previously reported to be 
associated with EDS and several other novel genetic 
variations 



Ehlers-Danlos Syndrome  
Clinical Research Program 



Reviews 



Reviews 



Dudenkov DV Mayo Clin Proc. 2018;93(6):721–730.  

Vitamin D and mortality 



VITAL D2d 

2,000 IUs Vitamin D3  daily for 5 years 4,000 IUs Vitamin D3  daily for 3 years 



VITAL D2d 



Bischoff-Ferrari HA et al. J Bone Miner Res. 2009;24(5):935–942.  Holick et al. J Clin Endocrinol Metab 90: 3215–3224, 2005 

Serum PTH  

Serum 25(OH)D 

BMD 

BMD 

VDD VDI 

VDI VDD N N 

N 

Vitamin D and bone health 







Long-standing high dose 
vitamin D supplement 

↓ Serum PTH 

↓ Serum 
1,25(OH)2D 

Parathyroid 
glands 

↓ Serum 
PO4 

↓ Renal production 
 of 1,25(OH)2D 

↑ FGF23 

↑ Urinary PO4  
excretion 

↓ Intestinal Ca 
and PO4 

absorption 

Transient ↑ 
serum PO4 

↓ Urinary PO4 
excretion 

↑ 25(OH)D-24-ase  
activity 

↓ Wnt/β catenin 
signaling pathway 

↑ Sclerostin 

↑ Osteocyte  
RANKL expression 

↑ Bone 
resorption 

↑ Osteoclastogenesis 

↑ Osteoclast activity 

Osteoclast 

Osteocyte 

↓Osteoblastogenesis  
↓ Osteoblast survival 

↓ Osteoblast metabolism 

↓ Bone 
formation 

Osteoblast  

Collagenase 

H+ Bone 
matrix Ca2+/PO43- 

CTX 
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