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Abstract

Background: The benefits of vitamin D relate to muscle strength, cardiovascular health, and prevents osteoporosis.

Objective: This study aimed to explore trends of global interest on vitamin D, hypercalcaemia, adverse kidney effects (stones
and kidney failure) and osteoporosis

Methods: An electronic search was conducted with Google Trends, limiting searches based on the "health" criterion.

Results: Worldwide interest in vitamin D3 (cholecalciferol), vitamin D2 (ergocalciferol or calciferol), kidney stones and kidney
failure is progressively growing over time. On the other hand, vitamin D was found to be negatively correlated with
hypercalcaemia and bone density. Another result of our analysis is the distribution of the popularity of searches across countries.
In particular, the global popularity for vitamin D3 seems higher than that of vitamin D2 and also shows different geographical
preferences. The growing interest in vitamin D parallels that of kidney stones and kidney failure, while decreasing popularity has
been noted for hypercalcaemia and bone density

Conclusions: The research volumes help to clarify the changes in the trends of use of supplements and the development of their
complications, according to the different geographical areas, socio-economic status and online literacy
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Abstract

Background. The benefits of vitamin D relate to muscle strength, cardiovascular health, and prevents

osteoporosis. 

Objective.  This  study aimed to  explore  trends  of  global  interest  on vitamin D,  hypercalcaemia,

adverse kidney effects (stones and kidney failure) and osteoporosis. 

Methods. An electronic search was conducted with Google Trends, limiting searches based on the

"health" criterion. 

Results. Worldwide interest in vitamin D3 (cholecalciferol), vitamin D2 (ergocalciferol or calciferol),

kidney stones and kidney failure is progressively growing over time. On the other hand, vitamin D

was found to be negatively correlated with hypercalcaemia and bone density. Another result of our

analysis is the distribution of the popularity of searches across countries. In particular, the global

popularity  for  vitamin  D3  seems  higher  than  that  of  vitamin  D2  and  also  shows  different

geographical  preferences.  The growing interest  in  vitamin D parallels  that  of  kidney stones and

kidney failure, while decreasing popularity has been noted for hypercalcaemia and bone density. 

Conclusions. The research volumes help to clarify the changes in the trends of use of supplements

and the development of their complications, according to the different geographical areas, socio-

economic status and online literacy.

Key words: Vitamin D; hypercalcemia; kidney stone; renal failure; bone density. 
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1.1 Introduction

Vitamin D is a fat-soluble vitamin which promotes the absorption of calcium, regulates bone growth

and plays a crucial role in immune function. Vitamin D is fat-soluble, existing in two leading forms:

vitamin D2 (ergocalciferol or calciferol) and vitamin D3 (cholecalciferol). In the liver vitamin D2 is

transformed into 25-hydroxyvitamin D2 and vitamin D3 into 25-hydroxyvitamin D3. These two

compounds are collectively known as calcifediol.  (1) Notably,  vitamin D3 is more effective than

vitamin D2 in increasing the circulating values of calcifediol and hence appears to a more important

player than D2 in improving vitamin D status. Vitamin D3 has been the most used form of vitamin D

in practice and clinical trials. (2) 

Vitamin D plays an integral role in calcium absorption and calcium homeostasis. Additional

benefits of vitamin D concern muscle strength, cardiovascular health, whilst this hormone is also

essential to prevent osteoporosis. Nevertheless, convincing evidence has also been published that an

excessive intake of vitamin D may lead to toxic effects, and this holds especially true considering the

growing public acknowledgment of its health benefits. (3) Recent cases of acute intoxication due to

errors in manufacturing, formulation, or prescription have been described, mostly characterized  by

severe hypercalcemia,  hypercalciuria,  or nephrocalcinosis.(4-6) Prolonged vitamin D toxicity can

also trigger reversible hypercalcemia and partially reversible renal impairment.  (7) In addition, the

effects of vitamin D on fractures, falls and bone mineral density remain uncertain. In unselected,

community-dwelling populations without known osteoporosis or vitamin D deficiency, the currently

available evidence does not support an unquestionable role of vitamin D in lowering the risk of

fractures after vitamin D supplementation. (8)

Google Trends is  a  freely available  Internet  tool,  which analyzes  the popularity  of  some

search queries in Google Search throughout many geographical locations and languages. (9) Recent

evidence suggests that this tool may be useful for addressing epidemiological trends of diseases and
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therapies.(10) Therefore,  this  study was  aimed at  exploring the  trends  of  worldwide  interest  on

vitamin D, hypercalcemia, kidney adverse effect (stone and failure) and bone density, using Google

Trends. 

1.2 Material and Methods

An  electronic  search  was  carried  in  Google  Trends,  using  the  keywords  “vitamin  D3”  OR

“cholecalciferol” AND “vitamin D2” OR “ergocalciferol” or “calciferol”, AND “hypercalcemia” OR

“acute renal failure” OR “kidney stones” OR “bone density”, limiting the searches under the “health”

criterion. 

Language restriction was applied (English), and the searches were carried out from the first date

available in Google Trends (i.e., January 1st, 2004) to the present time (i.e., October 1st, 2018). As

for the Google Trends algorithm, results were then combined and scaled according to the peak of

popularity (i.e., a value of 100 indicates top popularity of a given search term) recorded throughout

the search period. Scores were then tabulated in Microsoft ® Excel Software. The statistical analysis

was carried out with SPSS 22.0 statistics software for Windows. The Kolmogorov-Smirnov test was

carried out to explore the normality of distribution. Descriptive statistics of the score of interests, as

mean and standard deviation (SD), were calculated. Spearman correlation analysis was performed for

exploring  the  correlation  between  vitamin D3 (cholecalciferol)  or  vitamin D2 (ergocalciferol  or

calciferol) and “hypercalcemia” or “renal failure” or “kidney stones” or “bone density” scores of

interests,  and  for  assessing  mutually  increased  or  decreased  total  interest  throughout  the  search

period. 

The study was conducted in accordance with the Declaration of Helsinki and under the terms of

relevant local legislation.
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1.3 Results

Descriptive statistics (mean and SD) of Google Trends score is shown in Table 1.  The score of

popularity  was  found  to  be  higher  for  cholecalciferol  (vitamin  D3)  than  for  ergocalciferol  and

calciferol  (vitamin  D2).  The  score  of  popularity  was  also  higher  for  kidney  stones  than  for

hypercalcemia,  kidney failure  and bone density  throughout  the  search period.  The Kolmogorov-

Smirnov test showed that all these variables, except kidney stone, were normally distributed. The

time distribution of popularity of cholecalciferol, ergocalciferol and calciferol is shown in Figure 1.

The score seemingly increased faster for cholecalciferol (vitamin D3) than for ergocalciferol and

calciferol (vitamin D2). The time distribution of Google searches for hypercalcemia, kidney failure,

kidney stones and bone density is shown in Figure 2. The popularity appeared to grow faster for

kidney stones, a lower increase of popularity was noted for kidney failure, whilst the popularity of

Google searches seemed to be decreasing for both hypercalcemia and bone density.  

Table 2 shows the Spearman’s correlation between vitamin D and hypercalcemia or kidney or bone

density popularity. A positive correlation can be observed between cholecalciferol (vitamin D3) and

kidney failure, and between cholecalciferol (vitamin D3) and kidney stones. A negative correlation

was instead noted between vitamin D and hypercalcemia or bone density. A positive correlation was

found between ergocalciferol (or calciferol (vitamin D2)) and kidney failure or kidney stones, whilst

the correlation was found to be negative between ergocalciferol (or calciferol (vitamin D2)) and

hypercalcemia or bone density. The correlation between cholecalciferol and hypercalcemia (panel A)

or kidney failure (panel B) or kidney stones (panel C) or bone density (panel D) is shown in Figure 3.

The correlation between ergocalciferol and hypercalcemia (panel A) or kidney failure (panel B) or

kidney  stones  (panel  C)  or  bone  density  (panel  D),  is  shown  in  Figure  4.  Notably,  a  positive

correlation was between vitamin D3 or vitamin D2 and kidney stones or kidney failure. 

The  worldwide  score  of  popularity  for  cholecalciferol  and  ergocalciferol  throughout  the  search

https://preprints.jmir.org/preprint/18720 [unpublished, non-peer-reviewed preprint]
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period is shown in Figure 5 (panel A). Higher scores of popularity for ergocalciferol (Vitamin D2)

were found in searches from Mexico (100%), Peru (100%), Argentine (100%), Chile (100%), Brazil

(58%) and Spain (57%). When the popularity score of vitamin D3 and kidney stone were compared

(Figure 5, panel B), quite different trends were noticed in Italy (25% vs 75%), Switzerland (57% vs

43%), South Africa (4% vs 96%), Canada (7% vs 93%) and USA (7% vs 93%). Likewise, different

trends of popularity could also be observed comparing searches for vitamin D3 and bone density in

Italy (34% vs 66%), Switzerland (100% vs 0%), South Africa (8% vs 92%), Canada (15% vs 85%)

and USA (21% vs 79%).

1.4 Discussion

The  evidence  emerged  from  our  analysis  suggests  that  the  worldwide  interest  in  vitamin  D3

(cholecalciferol),  vitamin  D2  (ergocalciferol  or  calciferol),  kidney  stones  and  kidney  failure  is

progressively growing over time. Although vitamin D and kidney stones or kidney failure are seldom

associated in the scientific literature,  an opposite  trend was noted using Google Trends,  and we

cannot exclude this association was only due to the chance of incidentally coincident searches. On

the  other  hand,  vitamin  D was  found to  be  negatively  correlated  with  hypercalcemia  and bone

density.

A controversial  association  between  vitamin  D  and  kidney  stones  is  currently  reported  in  the

scientific literature, whilst  the estimated lifetime risk of nephrolithiasis is continuously increasing.

(11) A previous study concluded that it may be appropriate to monitor urinary calcium excretion in

vitamin D-supplemented stone formers.(12) Urinary calcium excretion has been shown to increase in

response to vitamin D supplements in some predisposed individuals.(11) Hypercalciuria is one of the
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main risk factors of kidney stone formation.  (11) High serum levels  of  vitamin D may play an

important role in the pathogenesis of urolithiasis in infants with hypercalcemia.(13) Another study

reported that vitamin D is associated with an increased incidence of kidney stones formation.(8) 

Other studies reported that vitamin D and supplemental calcium were not associated with the risk of

renal stones,(14) although an increased risk in people assuming high doses cannot be excluded.(15)

Stone formers with hypercalciuria were found to have higher 25(OH)D values compared to stone

formers with urine calcium within normal ranges. (16) More recently, a systematic review and meta-

analysis concluded that long-term vitamin D supplementation was associated with an increased risk

of hypercalcemia and hypercalciuria, whilst no increased risk of kidney stones was noted.  (17) In

addition, the association between kidney failure and hypercalcemia was only described in some case

reports of subjects with vitamin D intoxication. (6, 18, 19)

Another  interesting  result  emerged  from our  analysis  is  the  negative  association  between  bone

density and either vitamin D3 or vitamin D2. In line with this finding, recent evidence suggests that

vitamin D supplementation does not prevent fractures or falls, nor it has clinically meaningful effects

on bone mineral density, since no difference could be observed between the effects of higher and

lower  doses  of  vitamin  D.  A  review  by  Chakhtoura  et  al.  showed  that  the  prevalence  of

hypovitaminosis D, defined as a level of 25 (OH) D less than 20 ng / ml, ranged between 12-96% in

children and adolescents in the Middle East and North Africa. Among these, they have not identified

fracture studies. (20) No support to using vitamin D supplements is hence available for maintaining

or improving musculoskeletal health.(21) 

Another finding of our analysis is the different distribution of popularity of the searches in different

countries. Most searches for vitamin D2 were carried out in Mexico, Peru, Argentine, Chile, Brazil

and Spain, whilst vitamin D3 searches appeared more frequent in Italy, Switzerland, South Africa,

Canada and USA. When the score of the popularity of vitamin D3 and kidney stone was compared,

Italy, Switzerland, South Africa, Canada and the USA displayed different trends. Similarly, when the
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score of the popularity of vitamin D3 and bone density was compared, again Italy,  Switzerland,

South Africa, Canada and the USA displayed different trends. Taken together, these results would

suggest that vitamin D3 and its  possible related conditions  exhibited a very modest overlapping

popularity of searches, irrespective of the increasing interest in vitamin D. 

Google Trends is a free web tool, which is aimed to analyze the number of specific Google searches

and then generates geographical and temporal information about a specific search term.(22) Recent

evidence suggested that Google Trends may be also useful in healthcare, since it provides valuable

insights  on  population  behaviours  (23) and  their  associations  with  health,  disease  and  related

treatments, thus reflecting the public interest on a certain topic.(10, 24) 

1.5 Conclusions

The results of our analysis suggest that the worldwide popularity of vitamin D3 seems higher than

that  of  vitamin  D2  and  also  shows  different  geographical  preferences.  The  growing  interest  in

vitamin D parallels that of kidney stones and kidney failure, while decreasing popularity has been

noted for hypercalcaemia and bone density. The research volumes help to clarify the changes in the

trends of use of supplements and the development of their complications, according to the different

geographical areas, socio-economic status and online literacy.

Table 1

Descriptive  statistics  of  Google  Trends  score  of  interest  in  cholecalciferol,  ergocalciferol  and

calciferol, and hypercalcemia, kidney failure and kidney stones during the period of interest (from

2004 to date). 

Google trends score Mean Standard
deviation

Minimum Maximum

Step 1

https://preprints.jmir.org/preprint/18720 [unpublished, non-peer-reviewed preprint]
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Cholecalciferol 42.94 21.838 8 100
Ergocalciferol 24.11 7.198 3 39

Calciferol 11.86 3.088 1 22
Step 2

Hypercalcemia 7.68 1.002 6 11
Kidney failure 30.74 4.111 23 43
Kidney stones 69.65 6.770 52 100
Bone density 13.24 3.670 8 26

https://preprints.jmir.org/preprint/18720 [unpublished, non-peer-reviewed preprint]



JMIR Preprints Zaffanello Sr et al

Table 2

Spearman correlation analysis between vitamin D types and hypercalcemia, renal conditions (stones

and failure) and bone density scores. 

Google  trends
score

Hypercalcemi
a 

r (p)

Bone density 
r (p)

Kidney
failure 
r (p)

Kidney
stones 
r (p)

Cholecalciferol -0.283
(p<0.001)

-0.664
(p<0.001)

0.671
(p<0.001)

0.564
(p<0.001)

Ergocalciferol -0.215
(p<0.004)

-0.553 (p<001
0.253

(p=0.001)
0.225

(p=0.003)
Calciferol -0.005

(p=0.945)
-0.001 (0.992) 0.270 P<0.001

0.262
(p<0.001)
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Figure 1

Scores  of  Vitamin D popular  interest  of  cholecalciferol  (vitamin  D3,  blue  spots),  ergocalciferol

(vitamin D2, orange spots) and calciferol (vitamin D2, grey spots) from the year 2004 to date. 
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Figure 2

Scores of kidney stones (green spots), kidney failure (light blue spots), bone density (blue spots),

hypercalcemia (yellow spots) from the year 2004 to date. 
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Figure 3

Correlation between cholecalciferol (vitamin D3) score and hypercalcemia (panel A), kidney failure

(panel B, kidney stones (panel C) and bone density (panel D) scores. 
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Figure 4

Correlation between ergocalciferol (vitamin D2) score and hypercalcemia (panel A), kidney failure

(panel B), kidney stones (panel C) and bone density (panel D) scores. 
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Figure 5

Score of interest in cholecalciferol and ergocalciferol around the world from the year 2004 to date.

https://preprints.jmir.org/preprint/18720 [unpublished, non-peer-reviewed preprint]



JMIR Preprints Zaffanello Sr et al

1.6 References

1. Jones  G.  Pharmacokinetics  of  vitamin  D  toxicity.  Am  J  Clin  Nutr.  2008;88:582s-6s  doi:
10.1093/ajcn/88.2.582S [published Online First: 2008/08/12].
2. Alshahrani  F,  Aljohani  N.  Vitamin  D:  deficiency,  sufficiency  and  toxicity.  Nutrients.
2013;5:3605-16 doi: 10.3390/nu5093605 [published Online First: 2013/09/27].
3. Carlton  S,  Clopton  D,  Cappuzzo  KA.  Vitamin  D  deficiency:  appropriate  replenishment
therapies  and the  effects  of  vitamin  D  toxicity.  The Consultant  pharmacist  :  the  journal  of  the
American Society of Consultant Pharmacists. 2010;25:171-7 doi: 10.4140/TCP.n.2010.171 [published
Online First: 2010/04/07].
4. Vogiatzi  MG,  Jacobson-Dickman  E,  DeBoer  MD.  Vitamin  D  supplementation  and  risk  of
toxicity in pediatrics: a review of current literature.  J Clin Endocrinol Metab. 2014;99:1132-41 doi:
10.1210/jc.2013-3655 [published Online First: 2014/01/25].
5. Kaur  P,  Mishra  SK,  Mithal  A.  Vitamin D toxicity  resulting from overzealous  correction of
vitamin  D  deficiency.  Clinical  endocrinology.  2015;83:327-31  doi:  10.1111/cen.12836  [published
Online First: 2015/06/09].
6. Wani M, Wani I, Banday K, Ashraf M. The other side of vitamin D therapy: a case series of
acute  kidney  injury  due  to  malpractice-related  vitamin  D  intoxication.  Clin  Nephrol.  2016;86
(2016):236-41 doi: 10.5414/cn108904 [published Online First: 2016/10/11].
7. Bell DA, Crooke MJ, Hay N, Glendenning P. Prolonged vitamin D intoxication: presentation,
pathogenesis  and  progress.  Internal  medicine  journal.  2013;43:1148-50  doi:  10.1111/imj.12269
[published Online First: 2013/10/19].
8. Kahwati LC, Weber RP, Pan H, et al. U.S. Preventive Services Task Force Evidence Syntheses,
formerly Systematic Evidence Reviews.  Vitamin D, Calcium, or Combined Supplementation for the
Primary  Prevention of  Fractures  in  Community-Dwelling  Adults:  An Evidence  Review for  the  US
Preventive Services  Task Force.  Rockville,  MD:  Agency for  Healthcare Research and Quality  (US)
2018.
9. Zaffanello  M,  Lippi  G,  Arman  N,  Piazza  M,  Tenero  L,  Piacentini  G.  Popularity  of  sleep
disordered  breathing  in  childhood:  an  analysis  of  worldwide  search  using  Google  Trends.
Translational pediatrics. 2019;8:383-90 doi: 10.21037/tp.2019.03.04 [published Online.
10. Cervellin G,  Comelli  I,  Lippi  G.  Is  Google Trends a reliable  tool  for  digital  epidemiology?
Insights from different clinical settings. Journal of epidemiology and global health. 2017;7:185-9 doi:
10.1016/j.jegh.2017.06.001 [published Online First: 2017/08/02].
11. Letavernier E, Daudon M. Vitamin D, Hypercalciuria and Kidney Stones.  Nutrients. 2018;10
doi: 10.3390/nu10030366 [published Online First: 2018/03/23].
12. Johri N, Jaeger P, Ferraro PM, et al. Vitamin D deficiency is prevalent among idiopathic stone
formers, but does correction pose any risk? Urolithiasis. 2017;45:535-43 doi: 10.1007/s00240-016-
0954-x [published Online First: 2016/12/17].
13. Fallahzadeh MH, Zare J, Al-Hashemi GH, et al. Elevated serum levels of Vitamin D in infants
with urolithiasis. Iran J Kidney Dis. 2012;6:186-91 Online First: 2012/05/05].
14. Taylor EN, Stampfer MJ, Curhan GC. Dietary factors and the risk of incident kidney stones in
men:  new  insights  after  14  years  of  follow-up.  J  Am  Soc  Nephrol.  2004;15:3225-32  doi:
10.1097/01.Asn.0000146012.44570.20 [published Online First: 2004/12/08].
15. Ferraro PM, Taylor EN, Gambaro G, Curhan GC. Vitamin D Intake and the Risk of Incident

https://preprints.jmir.org/preprint/18720 [unpublished, non-peer-reviewed preprint]



JMIR Preprints Zaffanello Sr et al

Kidney  Stones.  J  Urol.  2017;197:405-10  doi:  10.1016/j.juro.2016.08.084  [published Online  First:
2016/08/23].
16. Pipili C, Oreopoulos DG. Vitamin D status in patients with recurrent kidney stones. Nephron
Clinical practice. 2012;122:134-8 doi: 10.1159/000351377 [published Online First: 2013/05/29].
17. Malihi Z, Wu Z, Stewart AW, Lawes CM, Scragg R. Hypercalcemia, hypercalciuria, and kidney
stones in long-term studies of vitamin D supplementation: a systematic review and meta-analysis.
Am  J  Clin  Nutr.  2016;104:1039-51  doi:  10.3945/ajcn.116.134981  [published  Online  First:
2016/09/09].
18. Joshi  R.  Hypercalcemia  due  to  hypervitaminosis  D:  report  of  seven  patients.  Journal  of
tropical pediatrics. 2009;55:396-8 doi: 10.1093/tropej/fmp020 [published Online First: 2009/04/03].
19. Kara  C,  Gunindi  F,  Ustyol  A,  Aydin  M.  Vitamin  D  intoxication  due  to  an  erroneously
manufactured  dietary  supplement  in  seven  children.  Pediatrics.  2014;133:e240-4  doi:
10.1542/peds.2013-0711 [published Online First: 2013/12/04].
20. Chakhtoura M, Rahme M, Chamoun N, El-Hajj Fuleihan G. Vitamin D in the Middle East and
North Africa. Bone Rep. 2018;8:135-46 doi: 10.1016/j.bonr.2018.03.004 [published Online.
21. Bolland MJ,  Grey A,  Avenell  A.  Effects of  vitamin D supplementation on musculoskeletal
health:  a  systematic  review,  meta-analysis,  and  trial  sequential  analysis.  The lancet  Diabetes  &
endocrinology. 2018; doi: 10.1016/s2213-8587(18)30265-1 [published Online First: 2018/10/09].
22. Seidl S, Schuster B, Ruth M, Biedermann T, Zink A. What Do Germans Want to Know About
Skin Cancer? A Nationwide Google Search Analysis From 2013 to 2017. Journal of medical Internet
research. 2018;20:e10327 doi: 10.2196/10327 [published Online First: 2018/04/27].
23. Mavragani  A,  Ochoa  G,  Tsagarakis  KP.  Assessing  the  Methods,  Tools,  and  Statistical
Approaches in Google Trends Research: Systematic Review.  J Med Internet Res. 2018;20:e270 doi:
10.2196/jmir.9366 [published Online First: 2018/11/08].
24. Mahroum N,  Bragazzi  NL,  Brigo  F,  et  al. Capturing  public  interest  toward  new tools  for
controlling  human  immunodeficiency  virus  (HIV)  infection  exploiting  data  from  Google  Trends.
Health informatics journal.  2018:1460458218766573 doi: 10.1177/1460458218766573 [published
Online First: 2018/04/12].

Powered by TCPDF (www.tcpdf.org)

https://preprints.jmir.org/preprint/18720 [unpublished, non-peer-reviewed preprint]

http://www.tcpdf.org

	Table of Contents
	Original Manuscript

