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Summary

A report from the EPIC-Oxford study found a higher rate of bone fractures
among vegans without any obvious explanation. In this article, we
examine the evidence of whether disordered eating or low intakes of
B-carotene, zinc, selenium, iodine, vitamin D, calcium, protein, vitamin
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Y 3BiTi gocnigpxeHHs EPIC-Oxford BusBneHo Buwmnmn piBeHb Nepenomis
KICTOK cepep BeraHiB 6e3 6yab-aKux 04eBUOHNX NOACHEHb. Y Ui CcTaTTi MU
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B12, vitamin K2, or iron could be responsible for the increased fracture
risk.

Of those variables, there’s evidence for B-carotene and zinc, and
somewhat less evidence for selenium. VVegans should pay particular
attention to these nutrients (see Daily Needs for how).

Exercise involving weights and jumping is the most reliable way for
otherwise healthy people to increase their bone mineral density (see
Resistance Training). | highly encourage everyone to follow a program to
strengthen their bones; talk to your health professional before initiating a
program if you're injured or older.

Introduction

In November of 2020, a report from the European Prospective
Investigation into Cancer and Nutrition, Oxford (EPIC-Oxford) found
vegans to have a higher rate of bone fractures than meat-eaters,
fish-eaters, and lacto-ovo-vegetarians [Tong, 2020].

EPIC-Oxford is conducted in the United Kingdom and is one of two large
cohort studies that contain a significant portion of vegetarians and vegans;
the other is the Adventist Health Study-2 from the United States and
Canada.

For this particular report, EPIC-Oxford recruited participants between
1993 and 2001, and followed them until 2016. At baseline, there were
29,380 meat-eaters, 8,037 fish-eaters, 15,499 vegetarians, and 1,982
vegans. The majority of participants had followed the same diet for years
before the start of the study.

About half (565.4%) of the participants completed a second follow-up
questionnaire in 2010 to see if they continued to follow their original diet. If
a person had changed diet groups, any subsequent bone fractures were

KanbLito, 6inka, BitamiHy B12, BitamiHy K2 abo 3aniza 6yt npnynHoto
NiABULLEHOro PU3NKy nepesiomis.

Llono Beix uMx nepepaxoBaHUX 3MiHHUX: € AOKa3n AN B-KapoTuHY Ta
LUWHKY, | AeLlo MeHLle JoKasiB Ans cerneHy. BeraHn noBMHHI 3BEPHYTU
ocobnuBy yBary Ha Li NOXMBHI pedoBuHM (auB. LLlogeHHi notpebu).

Bnpasu 3 00TsKEHHAMM Ta CTPUBKN € HanHagivHiWnM cnocobom ans
300poBUX ntogen 36iNbWNT MiHepanbHY LWINbHICTb KiICTKOBOT TKAHWUHU
(amB. CunoBsi TpeHyBaHH4). £ HaNoNernMBo PeKOMeHay BCiM
AOTPUMYBATUCS NporpaMmm Bnpas AS1s 3MiLHEHHSI CBOIX KICTOK; NOroBoOpiTh
3i CBOIM MeU4HMM NpauiBHUKOM nepes no4aTtkom nporpamu, kLo Bu
MaeTe TpaBmy abo y NOXMIomy Billi.

BcTyn

Y nuctonagi 2020 poky 3BiT €BPONENCHKOro NPOCNEKTUBHOIO
AocCrigpKeHHA paky Ta xapyyBaHHs B Okcdopai (EPIC-Oxford) Bussus, o
BeraHu MalTb BinbLUMIi piBEHb NEPEenoMiB KICTOK, HiXX BCEIAHI, Ti, XTO
iaaTb pnby Ta nakTto-oBo-BeretapiaHui [Tong, 2020].

CnoctepexeHHs B pamkax EPIC-Oxford nposogaTtecsa y Cnony4yeHomy
KoponiBcCTBi i e AOCNIOKEHHS € OQHUM i3 BOX BENMUKUX KOFOPTHUX
AocnigXeHb, SKi BKNOYaTbh 3Ha4YHY YacTMHY BereTapiaHuiB i BeraHis,;
iHwe — Adventist Health Study-2 i3 CnonyyeHnux LWtaTiB i KaHagu.

Ansa uboro koHkpeTHoro 3BiTy EPIC-Oxford Habnpas ydacHukiB Mixx 1993 i
2001 pokamu Ta crioctepiras 3a HUMK o 2016 poky. Ha noyaTtkoBomy
etani 6yno 29 380 BceigHux, 8 037 Tux, x10 icTb pnby, 15 499
BereTapiaHuis i 1 982 BeraHiB. binbLWicTb y4acHUKIB JOTpUMYBanmCb
OHIET OiETU poKaMuM 0 noyaTKy OOCHILKEHHS.

Bnnsbko nonosuHu (55,4%) y4acHUKIB 3aMOBHUNW APYry NOBTOPHY aHKETY
B 2010 poui, Wwo6 NoBiAoOMUTH, YM NPOLAOBXKYHOTb BOHM AOTPUMYBATUCS
CBOET NOYATKOBOI AiETW. AKWO NoanHa 3aMiHoBana rpyny gietu, byab-siki
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assigned to their new diet group (more info in Appendix A: Diet Category
Changes).

Over the 17.6 year follow-up period, there were 3,941 fractures including
945 hip, 889 wrist, 566 arm, 520 ankle, 366 leg, 204 vertebral, 164 rib, 99
clavicle, and 188 miscellaneous (such as in the head, hands, and feet).
The researchers weren’t able to determine how many fractures were due
to trauma like auto accidents and how many were due to osteoporosis.

The study found that vegans had a 43% increased risk of total fractures
(from Table 2, Model 2: HR 1.43, Cl 1.20-1.70). For specific fracture sites,
statistically significant findings were for the hip (HR 2.31, Cl 1.66-3.22)
and leg (HR 2.05, Cl 1.23-3.41).

When the study population was divided by sex, compared to meat-eaters,
the vegan men didn’t have a significantly higher rate of total fractures (HR
1.18, CI 0.85-1.62) while the vegan women did have a significantly higher
rate (HR 1.53, Cl 1.24-1.88).

When the study population was divided into those with a body mass index
(BMI) of <22.5 and 222.5, vegans with a lower BMI had a significantly
higher risk of total fractures (HR 1.66, Cl 1.32-2.08) while vegans with a
higher BMI did not (HR 1.10, Cl 0.80-1.49).

There’s no question that vegans in EPIC-Oxford had a higher rate of bone
fractures. But there’s a difference between vegans having a higher rate of
fractures due to being vegan versus due to another reason. The rest of
this article is an attempt to dispassionately examine the evidence to try to
figure out what, if anything, can or needs to be done to improve the
fracture rates of vegans.

Miscellaneous Concerns

HaACTYMHi NepenomMm KiCTOK BigHOCUNKN A0 1T HOBOI rpynu gietun (GinbLe
iHdopmau,ii aus. Jogatok A: 3MiHW KaTeropil AieTun).

MpoTsarom 17,6 pokiB cnocTepexeHHst 6yno 3apeectpoBaHo 3941
nepenom, y Tomy uncni 945 nepenomis cterHa, 889 3an’acts, 566 pyk,
520 wukonoTok, 366 Hir, 204 xpebuis, 164 pebpa, 99 kntounupb i 188
Pi3HMX (Hanpuknag, roroBu, pyk, i Horu). [locnigHWKK He 3Mornu
BM3HAYUTU, CKiNbKM nepenomis 6yno cnpuuyMHeHo TpaBMamu, Hanpuknag
aBTOMOGINbHUMM aBapisiMu1, a CKiflbk — OCTEOMNOPO30M.

[ocnigxeHHs nokasano, Wwo BeraHn manu Ha 43% nigBULLEHNIA PU3KK
3aranbHux nepenomis (3 Tabnuui 2, mogenes 2: HR 1,43, Cl 1,20-1,70).
[na KOHKPETHUX MicLb NepenomMy CTaTUCTUYHO 3HaYYLLi pesynbraTtn 6ynum
ana cterHa (HR 2,31, Cl 1,66-3,22) i rominkn (HR 2,05, Cl 1,23-3,41).

Konwu gocnimkyBaHy nonynsuio po3giniunm 3a ctaTTio, NOPiBHAHO 3
BCEIAHMMM yYaCHUKaMK, y YOnoBikiB-BeraHiB He 6yno 3Ha4yHoO BULLOMO
nokasHuka 3aranoHux nepenomis (HR 1,18, Cl 0,85-1,62), Togi sk y
XiHOK-BeraHiB 6yB 3Ha4yHO Buwmir nokasHuk (HR 1,53, Cl 1,24-1,88).

Konwu gocnimkyBaHy nonynsuito po3ainiuinm Ha TUx, y Koro iHaekc macu
Tina (IMT) <22,5 ta 222,5, BeraHu 3 HWx41m IMT Manun 3Ha4YHO BULLMI
pu3uk 3aransHux nepenomis (HR 1,66, Cl 1,32-2,08), Togi sik BeraHu 3
Buwmm IMT - Hi (HR 1,10, CI 0,80-1,49).

Hemae cymHiBy, wo seraHn B EPIC-Oxford manu Buwmnn piseHb nepenomis
KiCTOK. Ane € pisHNUS B PO3YMiHHI NPUYMHW: YN BEFAHU MaKOTb BULLMIA
piBEHb NEPENomiB Yepes Te, L0 BOHW BEraHu, Y Le BiabyBaeTbCA B
3B’513KY 3 iHLWOK NpuyunHoto. PelwTa uiel ctatTi € cnpoboto
Ge3npucTpacHoro BUBYEHHS AoKasiB, Wo6 cnpobyBaTtu 3'AcyBaTu, WO
(sKWwo ue B3arani HeobxigHO) MoxxHa abo NOTpPiIdHO 3pobUTK, LWOO6
NoKpaLLMTN YacTOTy NEPENoMiB Y BEraHiB.

Pi3Hi npobnemu
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There are a few concerns that we can quickly address with the information
we have at this time.

Whole Foods: Some people suggested that vegans in the EPIC-Oxford
cohort have generally poorer diets as shown by their lower fiber intake
(28.9 g/day; [Sobiecki, 2016] Table 2) compared to the fiber intake of
vegans in Adventist Health Study-2 (46.7 g/day, [Rizzo, 2013]).

Most of this discrepancy can be attributed to the different ways of
measuring fiber between the two studies; if EPIC-Oxford had used the
same method as Adventist Health Study-2, the vegan fiber intake would
be in the range of 36.4 to 44.3 g/day. See Appendix B: NSP and AOAC
Fiber for details.

It's also worth noting that in EPIC-Oxford the fiber intake for vegan women
(26.4 g/day) and men (27.7 g/day) were significantly higher at baseline
than for meat-eating women (18.9 g/day) and men (18.7 g/day) [Davey,
2003], suggesting that not eating enough whole plant foods is unlikely to
be the explanation for the higher vegan fracture rate.

Update Feb 12, 2021: There’s a counterpoint to a lack of whole foods not
playing a role in the higher fracture rates of vegans in EPIC-Oxford.
B-carotene is the one nutrient for which | think there’s plausible evidence
for impacting the fracture rates to a meaningful degree (see [3-carotene
and Vitamin A below).

The RDA is 700 retinol activity equivalents (RAE) for women and 900 for
men. The food highest in B-carotene is carrot juice which contains about
1,140 RAE per 1/2-cup; carrot juice may or may not fit one’s definition of a
whole food. There are also processed foods such as sweet potato fries
(274 RAE per cup) and pumpkin pie (about 100-150 RAE per slice) which
contain fat that can aid the absorption of B-carotene. But the most
common way to obtain B-carotene is through whole foods such as carrots
(509 RAE per medium carrot), sweet potatoes (595 RAE per 1/2 medium),

€ Kinbka npobnem, siki MM MOXEMO LUBUAKO BMPILLMTKX 3a JONOMOrOH
iHbopmauii, SKy MM MAaeMO Ha AAaHUN MOMEHT.

lNoBHOLiHHE XapyYyBaHHA: AesKi nogn NnpunycTunu, Wo BeraHn B KOropTi
EPIC-Oxford 3aranom matoTb HyTpMTUBHO BifHiwWi pauioHun, Npo wo
CBiQYMTb IXHE CNOXMBaHHA KNiTkoBUHM (28,9 r/aeHb; [Sobiecki, 2016]
Tabnuua 2) NnopiBHAHO 3i CNOXMBAHHAM KNITKOBUHW BeraHamun B Adventist
Health Study-2 (46,7 r/geHb, [Rizzo, 2013]).

BinbLluy YacTuHy uiel po3BiKHOCTI MOXHa NOSICHUTY Pi3HUMKU crnocobamm
BUMIipPIOBAHHS KNITKOBUHKW Mk ABOMa gocrnigxkeHHsamn; akom EPIC-Oxford
BUKOPUCTOBYBaB ToW camuin metop, wo 1 Adventist Health Study-2,
CNOXMBAHHA BEraHCbKOI KNiTKOBUHKU Byno 6 y gianasoHi Big 36,4 oo 44,3
r/menb. Aus. Jogatok B: NSP i AOAC Fiber.

BapTo Takox 3asHaunTw, Wwo B gocnigxeHHi EPIC-Oxford cnoxueaHHsA
KNITKOBMHM XiHKaMun-BeraHkamu (26,4 r/geHnb) i Yonosikamu (27,7 r/geHb)
Oyno 3Ha4yHO BULLMM Ha NOYATKOBOMY PiBHi, HiX BCEiAHUMM XiHkamu (18,9
r/oeHb) i Yonosikamu (18,7 r/geHb) [Davey, 2003], wo cBig4MTb Npo TE,
LLIO HEAOCTaTHE CMNOXMBAHHSA LiNiCHOI POCNMHHOI Xi HAaBpsa Yn €
NOACHEHHSIM BULLIOT YaCTOTW NEPENOMIB CEpes BEraHiB.

OHoBneHHga Big 12 nwoTtoro 2021 p.: icCHye naparnerbHa rinotesa,
anbTepHaTMBHA TOMY, LLO BiACYTHICTb LiNbHOI XXi He Bigirpae poni y BULLMX
nokasHukax nepenomis cepep BeraHis y EPIC-Oxford. 3-kapotvH — ue
€0MHa NOXMBHA pPeYoBUHA, ANSA AKOI, Ha MO OYMKY, € NEPEKOHSIMBI
A0Ka3n 3HA4YHOro BMNMBY HA 4YacToTy nepernomis (OMB. 3-KapOTuH i BiTaMiH
A Hnxye).

RDA ans sitaminy A ctaHoBuTb 700 ekBiBaneHTiB aKkTUBHOCTI PETUHONY
(RAE) ans xiHok i 900 RAE ans Yonosikis. et 3 HanbinbLwnmM BMiCTOM
B-KapOTUHY € MOPKBSAHUI CiK, KM MICTUTb NpuonuaHo 1140 RAE Ha 1/2
CKISIHKM; MOPKBSIHUI CiK MOXKe BignoBigaty v He BignosigaTtu
BU3HAYEHHIO LifbHOI 1Ki. ICHYOTb TakoX 00po6neHi xap4yoBi NPOAYKTH,
Taki sk conopgka kaptonnsa pi (274 RAE Ha yawky) i rapbysosuin nupir
(npnbnmaHo 100-150 RAE Ha WwmMaTo4oK), SiKi MiCTSTb XXMPK, LLO MOXe
CNPUATU 3aCBOEHHIO [B-KapoTUHY. Ane HannoLMPEHILLMM cnocobom
OTPUMAHHSA B-KapOTUHY € LinbHI NpoayKkTw, Taki ak MopkBa (509 RAE Ha
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and spinach (472 RAE per 1/2-cup cooked). See Vitamin A for more
foods.

Animal agriculture: A funder of EPIC-Oxford is listed as Wellcome Trust
Our Planet Our Health (Livestock, Environment, and People). This is not a
pro-livestock group. According to their website, “LEAP — Livestock,
Environment and People — is a Wellcome funded project investigating the
environmental, human health, economic and social consequences of
changing patterns of global consumption of meat and dairy. The project is
based at the University of Oxford and we work with a wide network of
formal and informal collaborators around the world.”

Self-reporting: Some suggested the EPIC-Oxford results were unreliable
because people had self-reported their diet and exercise. That could be
an understandable concern of people unfamiliar with how large
observational studies are conducted, but self-reporting is the only practical
way to measure diet in epidemiological studies which involve tens of
thousands of people. An effort is normally made to determine how valid
the surveying methods are and to eliminate any self-reporting that seems
suspect.

“Censoring due to death”: See Appendix C: Censoring Due to Death for
a short explanation as to why “censoring due to death” probably didn’t
significantly impact the results.

Limitations of Observational Research

Results reported in nutrition research are almost always based on the idea
that if a finding has a 5% chance or less of being due to random chance
then it's statistically significant. At Vegan Health, we normally follow the
rule that statistically significant findings are meaningful while
non-statistically significant findings are not. In other words, if group A has

cepeHio MOpkBY), conogka kaptonns (595 RAE Ha 1/2 cepeHbOl) i
wnuHat (472 RAE Ha 1/2 cknaHkn BapeHoi). [ne. 6inblue npuknagis B
crarTi Bitamid A.

TBapuHHUuUTBO: cnoHcop EPIC-Oxford 3Hauntbea sk Wellcome Trust Our
Planet Our Health (Livestock, Environment, and People). Lie He rpyna,
sKka nigTpumMmye TBapnHHMLUTBO. BignosigHo Ao ix Beb-canty, «LEAP —
Livestock, Environment, and People (To6T0 TBapMHHNLTBO, HABKONULLHE
cepefosuLLe Ta Ntoan) — Le NpoekT, wo ¢iHaHcyeTbea Wellcome i
AOCNIgXKYE eKornorivyHi, eKOHOMIYHI Ta couianbHi Hacniakv 3MiHKM Mogenen
CNOXMBAHHA M’sica Ta MOMIOYHMX NPOAYKTIB y CBITi. [1poekT 6a3yeTbcs B
OkchopacbkoMy YHIBEPCUTETI, i MY MPALIOEMO 3 LLUIMPOKOK MepEeXeto
oQiLiHMX | HeOMILINHNX CNIBPOBITHUKIB NO BCbOMY CBITY».

Camoa3BiTyBaHHA: Aeski npunyckanu, wo pesynsratn EPIC-Oxford 6ynu
HeHaAiMHUMW, OCKISTbKM NI0AM caMi NOBIZOMMANN NPO CBO AIETY Ta
disnyHi BNpasu. Lle Mmoxe BUKNukaTn 3po3yminie 3aHENOKOEHHS Noen,
SIKi He 3HaMoOMi 3 TUM, SIK MTPOBOAATLCS BeNuKi 00cepBaUiiHi AOCHIAXKEHHS,
ane camo3BiTU € EANHNM NMPaAKTUYHUM CNOCOOOM BMMIpPIOBaHHS AiETH B
eniaemMionoriyHMx AOCNIOKEHHNAX, SIKi OXONMIOKTb AECATKA TUCAY NIOOEN.
3as3Buyan goknagarTbCs 3ycunns, Wwob BU3HAYNTKN, HACKINbKK
OBr'pYHTOBAHUMM € METOAM ONUTYBAHHS, | YCYHYTK Oyab-siki CaMO3BITH, SKi
30atTbCs Nigo3pinumu.

“‘UleH3ypa yepe3 cmepTb”’: Oue. Jogatok C: LleH3ypa yepe3 cMepTb Ans
KOPOTKOIO MOSICHEHHSA TOro, YOMY MOXIMBA “LieH3ypa 4Yepes CMepThb’,
NMOBIPHO, HE CYTTEBO BIIIMHYMNA Ha pe3ynbTaTu.

ObmexeHHs obcepBauUiHUX AOCHIAKEHb

Pe3ynbratu gocnigKeHb XxapyyBaHHA MamXe 3aBXau I'PyHTYHOTbLCA Ha igel,
LLIO SIKLLIO 3 MMOBIPHICTIO 5% abo MeHLle pe3ynsTaT € BUNaaKoBMM, TO BiH
€ CTaTUCTMYHO 3Ha4vywmMm. Y Vegan Health mn 3a3smnyam gotpnmyemocs
TakKoro npasuna, Wwo CTaTUCTUYHO 3HAYYLLi pe3ynbTaTh € CYTTEBUMU, a
CTaTUCTUYHO He3HaYyLi — Hi. IHWK1MK cnoeBamu, akWwo rpyna A mae Ha
30% BuLLMIA BIAHOCHUI PU3KK, HiXX rpyna B, ane pisHUus He € CTaTUCTUYHO
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a 30% higher relative risk than group B, but the difference isn'’t statistically
significant, we say that group A has the same risk as group B.

A 5% threshold for statistical significance has arguably resulted in too
many false-positives. [Grimes and Schulz (2012)] argue that relative
risks in cohort studies should be less than 0.5 or greater than 2.0 for a
finding to be considered worthy of interest. [Harris and Zollner (2022)] go
further in saying, “Yet, sometimes cohort studies can infer cause-effect
determinations in a situation in which it is un-ethical to apply a treatment
(eg, make people smoke cigarettes or drink large amounts of alcohol
long-term) and results in double-digit RR consistently across similar
studies.”

For a related discussion also see [loannidis, 2008].

Using Grimes and Schulz’s standard would likely wipe out many findings,
both pro and con, regarding vegan nutrition. While this article is written
using the usual 5% standard we should keep in mind that many of the
associations described herein could be spurious despite reaching that
threshold.

Fracture Rates in Context

What sort of difference in fracture rates does the increase found in vegans
in EPIC-Oxford mean for the average person?

Based on Table 3 in [Tong et al. (2020)], the probability of a meat-eater
suffering a fracture over the course of 10 years is 4.72%, whereas for a
vegan the probability is 6.66%. If we were to observe 1,000 vegans and
1,000 meat eaters of similar age and sex over a 10-year period we would
expect about 19 more vegans than meat-eaters to suffer a fracture.

3Ha4vyL00, MW TOBOPUMO, LLO rpyna A Mae Takum camum pusiK, sk i rpyna
B.

Moporose 3HayYyeHHs 5% NS CTaTUCTUYHOI 3HaYYLWOCTi, UMOBIPHO,
Npu3Beno 40 3aHaATO BEMUKOI KiNIbKOCTi XMOHOMO3UTUBHMX pesyrnbTaTiB.
[Grimes and Schulz (2012)] cTBepaXyOTb, WO BiAHOCHI pU3NKN B
KOFOPTHUX OOCHIOKEHHSX NOBUHHI OyTn MmeHwunmun 3a 0,5 abo Ginbwimmmn
3a 2,0, wob pesynsrat BBaXanuca Baptumum iHtepecy. [Harris and
Zollner (2022)] nayTe gani, kKaxy4dn: «IHo0i Ko2opmHi O0CiOKEeHHS
MOXymb 3p0obumu 8UCHOBOK PO 8U3HAYEHHS MPUYUHHO-HACTiOKo8UX
38’513Ki8 y cumyauji, Koriu 3acmocy8aHHs1 Ne8HUX 3acobie € Heemu4yHUM
(Hanpuknad, amywysamu frodeu nanumu cuzsapemu abo exusamu
8€/1UKY KiNbKiCMb ariko20J1H0 Mpoms20oM mpuseasioz2o rnepiody) i ue
rnocnidosHo pesynbmye y suarnsadi 0803Ha4HO20 8i0HOCHO20 pu3uky (RR) e
CXOXUX OOCITIOKEHHSIX.

[nsa BignosigHoro oéroBopeHHs Takox ame. [loannidis, 2008].

BukopuctaHHa ctangapty parmca 1a Lyneua, weuawe 3a Bee,
ckacyBano 6 6araTto BUCHOBKIB OO0 BEraHCLKOrO XapyyBaHHs, K
NO3UTUBHUX, TaK | HEraTUBHUX. X0o4a LA cTaTTa HanucaHa 3
BMKOPUCTaHHAM 3BUYaMHOIO ctaHaapTty 5%, Mu NOBMHHI MaTh Ha yBaa3i,
wo 6arato acouiauin, onnMcaHux TyT, MOXYTb ByTn dhanbLmnBnMMm,
He3Ba)katoum Ha JOCSrHEHHS LIbOro nopory.

YactoTta nepenomiB y KOHTEKCTI

LUo anga 3BnyanHol niogmMHy o3Hayae 36inblUeHHS pU3nKy Nepenomis,
BusiBNeHe y BeraHis B EPIC-Oxford?

Ha nincrasi Tabnuui 3 B [Tong et al. (2020)], MMOBIipHiCTb TOrO, LLO
BCeigHa noguHa otpumae nepenom npotarom 10 pokie, ctaHoBUTL 4,72%,
TOAi SIK ANsi BeraHa MMOBIPHICTb CTaHOBUTL 6,66%. AkGu My cnocTtepiranu
3a 1000 sBeraHamu Ta 1000 BCeigHMMU OAHAKOBOrO BiKY Ta CTaTi MPOTAroM
10 pokiB, M1 odikyBanu 6, Wo BeraHyn nepenom 6yayTe Mat NpUGIN3HO
Ha 19 BMnNaakiB OinbLue.
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How do fracture rates in EPIC-Oxford compare to the greater population
of the United Kingdom? | made a crude comparison and they appeared to
be roughly similar (see Appendix D: Fracture Rates in the U.K. Compared
to EPIC-Oxford).

Body Mass Index and Caloric Intake

As mentioned in the introduction, right away, we know that the increased
rate of fracture among vegans in this study is largely driven by women and
those with a lower body mass index (BMI). This could lead us to think that
a higher proportion of women with eating disorders are deciding to be
vegan and that these women are more likely to have fractures.

The Centers for Disease Control and Prevention considers a BMI of 18.5
to 24.9 to indicate a “normal or healthy weight” [CDC, 2020]. In
EPIC-Oxford, the average BMI of vegans at baseline was 21.9 (SD 3.0)
for women and 22.5 (SD 3.0) for men, compared to 24.3 (SD 4.2) and
24.9 (SD 3.3) for meat-eaters, respectively [Tong, 2020].

A 2014 meta-analysis of 25 cohort studies looking at body mass index
(BMI) and bone fractures in women found that a BMI >30 is associated
with a significant, modest reduction in fracture risk [Johansson, 2014].
This appears to be due to a higher bone mineral density, as once bone
mineral density is adjusted for the risk of fracture increases with a higher
BMI.

Figure 1 in the paper shows that as BMI decreases from about 22.5 to 15,
the rate of fracture, especially hip fracture, increases exponentially.

Axkun piseHb nepernomis y koropTi EPIC-Oxford nopiBHAHO 3 faHMK Wwo[o
GinbLuoi nonynsuil - Bcero HaceneHHs CnonyyeHoro Koponisctea? A
3po6uB rpybe NOPIiBHAHHS, | BOHU BUSIBUNUCS NPUBNN3HO CXOXMMU (OMB.
Hopatok D: Yactota nepenomiB y BennkobputaHii NOpPiBHAHO 3
EPIC-Oxford).

I[HOEeKC Macu Tina Ta CnoXXMBaHHS Kanopin

Ak saragyBanocs y BCTyni, My Bigpasy 3HaeMo, WO NiaBULLEHUI PiBEHb
nepenomis cepef BeraHiB y LboMy LOCIiIKEHHI B OCHOBHOMY 6a3yeTbCs
Ha BiNbLUIN YacToTi BUNAAKIB Y XXiIHOK-BEraHOK Ta y TUX BEraHax, XTo Mae
HWx4YMK iHaekc macu Tina (IMT). Lle moxe HalWTOBXHYTU HAc Ha OYMKY, Lo
GinbLuUa YacTKa XiHOK 3 po3nagamMmn Xapy4oBoi NOBEAIHKN BUPILLYE CTaTu
BEraHkamy, i WO y LMX XKiHOK € Binblua NMMOBIPHICTb NEPEoMmiIB.

LleHTpu 3 KOHTpOnNto Ta npodhinakTmkm 3axsoptoBaHb CLLUA (CDC)
BBaxatoTb, wo IMT Big 18,5 0o 24,9 o3Hayae «HopManbHy abo 340poBYy
Bary» [CDC, 2020]. Y EPIC-Oxford cepegHiv IMT BeraHiB Ha no4aTky
ctaHoBuB 21,9 (CtaHgapTHe BigxuneHHa SD=3,0) ansa xiHok i 22,5
(SD=3,0) ons yonosikiB y nopiBHsHHI 3 24,3 (SD=4,2) i 24,9 (SD=3,3) ansa
BCceigHux BignosigHo [Tong, 2020].

MeTtaaHani3 25 koropTHux gocnigxkeHb 2014 poky, NpUCBAYEHU iHOEKCY
macwu Tina (IMT) i nepenomam KiCToK y XiHOK, BusiBuB, wo IMT >30
acoUiETLCS 3i 3HAYHUM, MOMIPHUM 3HWKEHHAM PU3NKY Neperiomis
[Johansson, 2014]. Cxoxe, Lue NOB’si3aHO 3 BULLOK MiHEPaNbHOK
LLINBbHICTIO KICTKOBOI TKAHMHW, OCKISTbKM KON MiHepasibHa LUiNbHICTb
KICTKOBOI TKAHMHW CKOPUroBaHa Ha pu3uk nepenomis, BOHa 3pocTae 3i
30inbweHHam IMT.

Ha mantoHky 1y cTatTi nokasaHo, wo konu IMT 3MmeHwyeTbecs npubnmsHo
3 22,5 po 15, yactoTta nepenomis, 0Cob6NMBO Nepenomis cTerHa,
€KCMOHeHLUianbHO 3poCTaE.



https://www.veganhealth.in.ua/2023/12/bone-fractures-among-u-k-vegans-implications-and-recommendations.html?m=1#Appendix%20D-en
https://www.veganhealth.in.ua/2023/12/bone-fractures-among-u-k-vegans-implications-and-recommendations.html?m=1#Appendix%20D-en
https://www.cdc.gov/index.html
https://www.veganhealth.in.ua/2023/12/bone-fractures-among-u-k-vegans-implications-and-recommendations.html?m=1#CDC2020
https://www.veganhealth.in.ua/2023/12/bone-fractures-among-u-k-vegans-implications-and-recommendations.html?m=1#Tong2020
https://www.veganhealth.in.ua/2023/12/bone-fractures-among-u-k-vegans-implications-and-recommendations.html?m=1#Johansson2014
https://www.veganhealth.in.ua/2023/12/bone-fractures-among-u-k-vegans-implications-and-recommendations.html?m=1#Appendix%20D-ua
https://www.veganhealth.in.ua/2023/12/bone-fractures-among-u-k-vegans-implications-and-recommendations.html?m=1#Appendix%20D-ua
https://www.cdc.gov/index.html
https://www.veganhealth.in.ua/2023/12/bone-fractures-among-u-k-vegans-implications-and-recommendations.html?m=1#CDC2020
https://www.veganhealth.in.ua/2023/12/bone-fractures-among-u-k-vegans-implications-and-recommendations.html?m=1#Tong2020
https://www.veganhealth.in.ua/2023/12/bone-fractures-among-u-k-vegans-implications-and-recommendations.html?m=1#Johansson2014

So far, this research is consistent with what was found among vegans in
EPIC-Oxford: Low BMI is associated with an increased risk of hip
fractures.

A more recent prospective, observational study from the Nurse’s Health
Study examined associations between BMI, waist circumference, and
vertebral fracture risk among females with a follow-up time of about 12
years [Paik, 2019]. The average BMI in the lowest quintile was 19.8 (SD
1.1) and was not associated with an increased risk of fracture.

There isn’t a lot of data on bone fractures in people with a very low BMI. A
Danish study used a case-control method to follow women with eating
disorders for 19.3 years [Fralich, 2020]. Women with less severe cases
of anorexia nervosa (n=230) had an average lowest BMI of 15.5 and a
higher risk of all fractures than healthy controls (IRR 1.7, Cl 1.1-2.7), but
not a higher risk of hip fractures (IRR 2.9, CI 0.4-12.3).

Those with a more severe case of anorexia nervosa (n=194) had an
average nadir BMI of 14.4 and a much greater risk of all fractures (IRR
2.6, Cl1 1.8-3.7) and hip fractures (IRR 9.8, 3.6-27.7). Women with a less
severe form of bulimia nervosa (n=170) had an average nadir BMI of 18.7
with no significantly elevated risk of fractures.

As with the vegans in EPIC-Oxford with a low BMI, the Danish women
with severe cases of anorexia nervosa had high rates of hip fractures, but
their BMI was likely much lower than the vegans in EPIC-Oxford. If the
BMI for vegans is assumed to be normally distributed, then about 34%
had a BMI between 18.9 and 21.9 (n=430), while about 13.5% had a BMI
between 15.9 and 18.9 (n=171). The Danish women with average nadir
BMis closer to the likely BMIs of vegans in EPIC-Oxford didn’t have a
higher rate of fracture.

| wrote Dr. Tammy Tong of EPIC-Oxford asking about the possibility that
very low BMIs among a small percentage of vegans drove the majority of
the increased risk and she responded that this was not a likely
explanation, saying “For BMI and calcium, the choice of categories were

Hapasi ue gocnigaXeHHs y3rogXyetbecs 3 TUM, Wwo 6yno BUABNEHO cepeq
BeraHiB y EPIC-Oxford: Hu3bkun IMT nos’a3aHui i3 nigBULLEHUM PUBNKOM
neperiomis cTerHa.

Y HelogaBHbOMY NPOCNEKTUBHOMY 06cepBaUinHOMY A0CHILKEHHI
Nurse’s Health Study BuB4aBcs 38’530k Mix IMT, OkpyXHicTo Tanii Ta
pu3nKom nepenomy xpebta cepep XiHOK i3 NepiogoM CNoCcTeEPEXEHHS
npnbnuaHo 12 pokis [Paik, 2019]. CepeaHin IMT y HANHWXKYOMY KBIHTUNI
ctaHosuB 19,8 (SD 1,1) i He ByB noB’A3aHWi i3 NiABULLEHNM PUSNKOM
nepenowmis.

Hemae 6arato gaHvx Npo nepenomu KiCTok y nogen 3 gyxe Hu3bkum IMT.
[aTtcbke gocnigXeHHs BUKOPUCTOBYBAO MeTo BUMaAOK-KOHTPOSb A1
CMNOCTepeXeHHs 3a XiHKaMu 3 poanagamu xapyyBaHHs npotarom 19,3
pokiB [Frelich, 2020]. >KiHkM 3 MEHLU BaXXKKMMK BUNagKamMmu HEpPBOBOI
aHopekcii (n=230) manu cepegHin HanHwx4un IMT 15,5 i BULWLIMIA pr3KnK
yCiX nepenomis, HiXX 300poBi XiHKK 3 KOHTposibHOI rpynu (IRR 1,7, ClI
1,1-2,7), ane He Buwmin pusunk nepenomis cterHa (IRR 2,9, C1 0,4-12,3).

XKiHkM 3 GinbLU BaXXKKMM BMNaAKOM HEPBOBOI aHopekcii (n=194) manu
cepeqHin HanHwk4nn IMT=14,4 i HabaraTo 6inbWNN PMU3KK YCiX TUNIB
nepenowmis (IRR 2,6, Cl 1,8-3,7) i nepenowmis cterHa (IRR 9,8, 3,6-27,7).
KiHKkn 3 MeHLW Baxkkoto bopmotro HepBoBoT Bynimii (n=170) Mmanun cepeaHin
HanHWx4Ynn IMT 18,7 6e3 iCTOTHO NiABMLLIEHOIO PU3NKY NEPENOMIB.

Ak iy BeraHiB y EPIC-Oxford 3 HU3bkuM IMT, gaTCbKi XiHKW 3 BaXXKUMU
BUNaZKaMn HepPBOBOI aHOPEKCII Mann BUCOKUWN pPiBEHb NeperioMiB CTErHa,
ane ixHin IMT, nmoBipHO, ByB HabaraTto HUXYNM, HiX Yy BEraHiB y
EPIC-Oxford. Akwo npunyctutu, wo IMT gna BeraHiB Mae HoOpManbHUi
po3nogin, To 6nuabko 34% manu IMT mix 18,9 i 21,9 (n=430), Toai sk
npnbnusHo 13,5% manu IMT mix 15,91 18,9 (n=171). ¥ gaHCbKnX XiHOK i3
cepeqHiMm HanHmwk4yum IMT, Gnvxynm go nmosipHoro IMT BeraHiB y
EPIC-Oxford, yactota nepenomis He 6yna BULLOIO.

A Hanucas gokTtopy Temmi ToHr 3 EPIC-Oxford, 3anntytoun npo
MOXIUBICTb TOro, Wo Ayxxe Hu3bkun IMT cepen HeBenuMKoro BigcoTka
BEraHiB CnpuynH§ae 6inbLly YacTUHY NiABULLLEHOTO PU3KKY, | BOHA
Bi4MOBINa, WO Le ManonMoBipHE NOSICHEHHS, cka3aBwm: «LLJjodo IMT i
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driven both by the distribution of data across all dietary groups, and also
after being assured that the main associations could not be driven by the
extreme categories, which we checked for in preliminary analyses.”

Synthesizing the above information would suggest that although having a
lower BMI was associated with a higher fracture rate in vegans, there isn’t
evidence that it's due to a high rate of disordered eating. This conclusion
might be hard to follow, so | want to explain it a bit more. Women with
eating disorders so severe that they result in higher rates of fracture,
especially hip fracture, have BMIs on average lower than the BMIs of the
vegan women in EPIC-Oxford on the lower end of the BMI spectrum (as
predicted by a normal distribution).

This isn’t to say that the vegans in EPIC-Oxford didn’t have a higher rate
of eating disorders than the meat-eaters, but rather that even if they did
have a higher rate of eating disorders, their general BMIs aren’t as low as
the average BMIs in women with eating disorders who have higher rates
of fracture (compared to healthy controls). So there is likely something
else about being vegan (with or without an eating disorder) that is driving
the higher rate of fracture among vegans.

In addition to disordered eating, a variable that would obviously be
correlated with low BMI is lower caloric intake. In Table S5, EPIC-Oxford
reports fracture rates adjusted for caloric intake which showed a similar
total fracture rate for vegans (HR 1.42, Cl 1.19-1.69) as the rate not
adjusted for caloric intake from Table 2 (HR 1.30, CI 1.08-1.56). However,
in the model adjusted for caloric intake, they also adjusted for BMI which
would likely ameliorate any strong finding for caloric intake alone.

We can’t rule out that lower bone health could be a result of lower caloric
intake, possibly leading to lower vitamin or mineral intakes among vegans.

KarnbUuiro, subip kameaopil rpyHmyeaecs ik Ha po3rodini 0aHUX MiXx yciMma
diemuy4yHUMU epyrnamu, mak i Ha 8UCHOBKY, W0 OCHOBHI acoujauii He
MOXYymb 6ymu 3yMO8rieHi KpalHiMu Kamez20piamMmu, SKi MU nepesipusnu 8
rnornepedHbOMY aHarli3i».

Y3aranbHoo4M HaBeaeHy BuLLle iHpopmMaLito, MOXHa NpunycTuTn, LWo,
xo4ya Hwxk4umn IMT noB’ss3aHuit i3 BULLOK YacTOTOK NeEPErioMiB y BEraHis,
HemMae oKasiB TOro, L0 Lie NOB’A3aHO 3 BUCOKMUM PiBHEM
HEBMNOPSAAKOBAHOIO Xxap4yyBaHHS. Lle BUCHOBOK MoXe ByTn BaXXKO
3pO3yMiTU, TOMY S XO4Y NOSACHUTU NOrO TPOXM AokNagHiwe. XKiHKu 3
HaCTINbKM CEPNO3HMMK po3naamMm XapyoBol NOBEAIHKY, LLO NPU3BOASATb
A0 BULWOT YaCcTOTK nepernomis, ocobnmeo nepenomy crerHa, matotb IMT B
cepeaHboMy HWXYMIA, HiXX IMT xiHok-BeraHok B EPIC-Oxford Ha HWMXHIN
yacTuHi cnekTtpa IMT (sk nepegbavyyBaHO HOpManbHUM PO3MNOAINIOM ).

Lle He o3Ha4age, wo BeraHn B EPIC-Oxford He Manu BULLIOrO piBHSA
po3rnagiB xap4yoBol NOBeAdiHKK, HXX M'Acoigun, ane paglwe Te, Wo HaBiTb
AKLLO Y HUX BYB BULLUI piBEHb PO3MaiB XapyoBOi NOBEAIHKK, TXHIN
3aranbHun IMT He Takun HU3bKUI, sk cepeaHin IMT y XiHOK 3 po3nagamu
Xap4yoBOI NOBEAiHKM, SIKi MalOTb BULLIMIA PiBEHb NepenoMis (MOPIBHAHO 3i
300POBMMW KOHTPOSTbHUMUK rpynamu). OTxe, IMOBIPHO, Y BEraHCTBI (3
pO3MnagoM Xap4oBOi NOBEAIHKM YM 6e3 HbOrO) € LLOCh iHLE, Lo CNpusae
BULLIOMY PU3NKY NeperiomiB cepep BeraHis.

Ha gogaTtok 0o HEBNOPSAKOBAHOIO XapyyBaHHS, 3MiHHOHO, sika, 04eBUAHO,
Kopentoe 3 HU3bkuM IMT, € H1U3bKe cnoXxuBaHHs kanopin. Y Tabnuui S5
EPIC-Oxford noBigomnsie Npo 4acToTy Nnepeniomis, CKOpUroBaHy Ha
CMOXWBAHHA Kanopin, ska nokasarna sarasnbHy 4acToTy nepenomis ans
BeraHiB (HR 1,42, Cl 1,19-1,69), noaibHy ao 3aranbHoi Yactotn 6e3
CKOPUryBaHHSA Ha CnoXmnBaHHA kanopin 3 Tabnuui 2 (HR 1,30, Cl 1,08-
1.56). OgHak y mogeni, CKOpUroBaHin 3a CroXXUBaHHAM Karopin,
AOCNIOHMKM TakoX ckopurysanu gaHi 3a IMT, wo, IMOBIpHO, NoKpaLLmnsio
Byab-AKUIM BaroMmnini BUCHOBOK, Sikuin ByB B1 nuwie ans KopekLii BUKMIOYHO
3a CNOXMBAHHAM Karopin.

Mwn He MOXEeMO BUKMIOYMTHU, LLIO NOTipLLUEHHS 300POB’A KiCTOK MoXe ByTun
pe3ynbLTaTOM MEHLLIOTO CMOXUBAHHSA Karnopin, Wo, MOXITMBO, NPU3BOAUTL
[0 3HWXKEHHS CMOXMBAHHSA BiTaMiHiB abo MiHepaniB cepep BeraHis.




B-carotene and Vitamin A

Preformed versions of vitamin A, known as retinoids, can be provided by
animal products in the diet, whereas plant products provide the precursors
to vitamin A, with the primary precursor being 3-carotene. The body more
tightly regulates vitamin A levels when it's derived from precursors than
when ingested as preformed vitamin A [Wu, 2014]. There are a variety of
theoretical ways in which too much or too little vitamin A could impact
bone health [Zhang, 2017] and the research has found a variety of
associations in different directions.

In their meta-analysis of 13 prospective, observational studies on vitamin
A and fractures, [Zhang et al. (2017)] found that higher total vitamin A or
retinol intake might slightly decrease the risk of total fracture but increase
the risk of hip fracture.

They also found that higher B-carotene intake slightly increases the risk of
total fracture but not hip fracture. They observed a weak but positive
influence of lower blood retinol levels on both total and hip fracture risk.
They didn’t provide either intake or plasma retinol amounts, making it hard
to compare with those of vegans.

[Wu et al. (2014)] conducted a similar meta-analysis on an
almost-identical set of studies as [Zhang et al.] and found an increased
rate of bone fracture at both the high and low ends of plasma retinol
levels. They calculated the optimal blood retinol level to be 1.99 to 2.31
pumol/l.

They write:

B-KapoTuH i BiTamiH A

MpedopmoBaHui BiTamiH A, TOBTO peTUHOIAM, B paLioHi MOXe ByTu
OTPUMaHUN 3 NPOAYKTIB TBAPUHHOIO MOXOMKEHHS, TOAI K POCINHHI
nNpoayKkTh 3abesnedvyoTb Npekypcopamu BitTamiHy A, MPpUYOMY OCHOBHUM
NPeKypcopom € -kapoTuH. OpraHiam GinbLU )XOPCTKO PEryrnoe piBeHb
BiTaMiHy A, KONu BiH OTPUMaHWN i3 MPEKYpCOopIB, aHXX KOMW BiH NoTpansisie
y BUmnsaai Bxxe coopmoBaHoro sitamiHy A [Wu, 2014]. IcHytoTb
Pi3HOMaHITHI TEOPETUYHI MEXaHi3MW, 3a AOMNOMOrOL0 SKNX 3aHaaTo bGaraTto
abo 3aHagTo Mano BiTamiHy A MoOXe BNIMHYTU Ha 300POB’st KICTOK
[Zhang. 2017] i gocnigXeHHS BUABUIIM Pi3HOMaHITHI acouiauil B pi3HUX
HanpsiMKax.

Y cBoeMy MeTa-aHanisi 13 npocnekTuBHUX o6cepBaLliiHNX AOCHiIOKEHD
BiTamiHy A Ta nepenowmis, [Zhang et al. (2017)] BusiBunu, wo Ginbwnn
3aranbHuKM NpMMoMm BiTamiHy A abo peTMHONY MOXe AeL0 3HU3UTU PU3KK
BCiX BUAIB nepenomis, ane 306iNbWWTK pU3NK NeperioMmy cterHa.

BoHW Takox BUABMNN, LLO NiABULLEHE CNOXUBAHHS [3-KapOTUHY TPOXMU
36inbLlye pu3KK BCiX BUAIB NEpPeEnomiB, ane He nepenomy crerHa. Bonu
cnocTepiranu cnabkuin, ane NOcnigoOBHUN BNSIMB 3HMXXEHHS PiBHS
PETUHOMY B KPOBI SIK HA 3arafnibHUN PU3NK NEPENoMIB, TaK i Ha PU3NK
nepenomMy crterHa. ABTOpy He HaBOAATb aHi PiBHI CNOXMBAHHS, aHi
KiNbKOCTI peTUHOMy B nnasmi, WO YCKNaaHIE NOPIBHAHHSA 3 PETUHOMOM Y
BEraHiB.

[Wu et al. (2014)] npoBenu nogibHUM meTa-aHania Mamxe iaeHTUYHOro
Habopy gocnigxeHb, Ak i [Zhang et al.], i BusBunu 36inbLieHHs YacToTu
neperiomiB KiCTOK ik NPU BUCOKOMY, Tak i NPU HU3bKOMY PIiBHAX PETMHOIMY B
nnasmi. BoHn nigpaxyeanun onTMmanbHUN PiBEHb PETUHOMY B KPOBI,
oTpumMmaBLUM gianasoH Big 1,99 oo 2,31 mkmonb/n.

BoHu nuwyTh:
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“The clinical implication of this study is that blood retinol level is a
double-edged sword for the risk of hip fracture. To avoid the risk of hip
fracture caused by too low or too high a level of retinol concentration, we
suggest that intake of beta-carotene (a provitamin A), which is mainly from
plant-based foods and should be converted (through a process adjusted
by a feedback mechanism) to retinol in the blood, may be better than
retinol from meat (fish, liver, poultry, or dairy foods), which will be directly
absorbed into the blood after intake.”

In EPIC-Oxford, after 5.2 years of follow-up, there was no association
between retinol intake and bone fractures, or between 3-carotene intake
and fractures [Key. 2007]. There was no separate analysis for vegans.
The earliest nutrient intake report from EPIC-Oxford didn’t include
B-carotene [Davey, 2003].

A follow-up survey from EPIC-Oxford, conducted in 2010, found vegans to
have B-carotene intakes of 451 RAE/day for women and 432 RAE/day for
men, well below their respective DRIs of 700 RAE and 900 RAE
[Sobiecki, 2016].

Of five studies measuring blood retinol levels of vegans (see the table
below), one study, from Australia, found vegan levels to be slightly higher
than recommended by Wu et al., while the other four studies, from
Germany, found them to be lower. Note that [Wu et al.’s] blood retinol
recommendations are for a much smaller range than what’s considered
normal and that vegans fall well within the normal reference ranges listed
in the table below. The range of B-carotene intakes of vegans in [Li et al.]
and [Schupbach et al.] were quite wide such that many vegans were
likely not meeting the DRI.

Vitamin A Intakes and Status among Different Diet Groups

“KniHiyHUG 3micm ybo20 OOCIOXEHHS rlosisieae 8 Mmomy, WO pieeHb
PEMUHOIY 8 KPO8I € nasikoro 3 8oMa KiHUSIMU 1o 8i0HOWEHHK 00 pU3UKY
nepernomy cmeeaHa. LLJob yHUKHymu pu3uky rneperioMy cmeeaHa,
CrpU4YUHeHo20 Halmo HU3bKUM abo Halmo 8UCOKUM pieHeM
KOHUeHmpaujii pemuHory, Mu OyMaemMo, WO CrioxXueaHHs bema-kapomuHy
(nposimamiHy A), skuli 8 OCHOBHOMY MoxXo0ume i3 PoOOyKmMig POCIIUHHO20
oxo0xeHHs ma mae 6ymu riepemeopeHul (4epe3s rpouyec, Wo
peayniemesCsi MEXaHI3MOM 380POMHO20 38°513Ky) 00 pemuHOsly 8 KpOei,
Moxe bymu KpawjuM, HiXX CrioxXueaHHs1 pemuHorly 3 m’sica (pubu, nediHku,
nmuuyi abo Morio4HUX npodykmig), 60 8 ocmaHHbLOMY 8urnadKy pPemuHos
byde 6e3rnocepedHbO BCMOKMy8amMUCS 8 Kp0o8 Micsis iXi.”

Y pocnigxeHni EPIC-Oxford nicnsa 5,2 pokiB cnoctepexXeHHsa He Byro
BMSIBNEHO 3B’A3KY MiXX MPMMOMOM PETMHOIY Ta nepenomMamMmm Kictok abo
MK NPUMOMOM [B-KapOTKHY Ta BCiMa Bugamu nepenomis [Key, 2007].
Okpemoro aHanidy ansa BeraHiB He 6yno. Hannepwwn 3BiT EPIC-Oxford
NpO CrNOXMBaHHS MOXMBHUX PEYOBUH He BKIo4YaB 3-kapoTuH [Davey,

2003].

Mopanbwe onutyBaHHa EPIC-Oxford, nposegeHe B 2010 poui, BUsABUIIO,
Wwo BeraHu cnoxmsatoTb 451 RAE/geHb ans xiHok i 432 RAE/neHb ansa
YOsIOBIKIB, LLIO 3HAYHO HMXYe TXHiX BignosigHux Hopm DRI 700 RAE i 900
RAE [Sobiecki, 2016].

3 M’aTn gocnigpkeHb BUMIPIOBaAHHA PiBHA PETUHOSY B KPOBI BeraHis (4vB.
Tabnuuo HxXYe) ogHe JoCnioKeHHs, npoBeaeHe B ABCTparnii, BUSBUNO,
LLIO piBEHb PETMHOMY Yy BeraHiB byB AeLwo BULUM, Hixx Byno
pekomeHgoBaHo Wu et al., Togi SIK iHLWI YOTUPK AOCHIOXXEHHS, NPOBEAEHI B
HimeuuunHi, BuaBunu, Wo BoHW Bynn HKx4Ye. 3ayBaxTe, WO pekoMeHaauii
[Wu et al.] wogo BmicTy peTuHOMy B KPOBI CTOCYHOTbCA Habarato MEHLLOro
AianasoHy, HXX TOW, SIKU BBAXKAETbCA HOPMarnbHUM, i LLO BEraHu Lifikom
BiANOBIAAOTb HOPManbHUM pedepPEeHTHUM [iana3oHaMm, HaBeaeHUM Y
Tabnuui Hxkye. [liana3oH cnoxueaHHs 3-KapoTMHY BeraHamu B
pocnigxeHHi [Li et al.] i [Schiipbach et al.] 6yB 4OCUTb LWMPOKUM, TOMY
GaraTo BeraHiB, MIMOBIPHO, HE CNOXMBaNM JOCTATHLO [B-KAapOTUHY
BianoBiaHo go Hopm DRI.

CnoxunBaHHSA BiTaMiHy A Ta cTaTyc cepea Pi3HUX rpyn AieT
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Meat-Eaters | Lacto-Ovo Vegan Reference
Australia (Li, 2000)
Number 78 43 18
Intakes (RAE) 1,049
Blood retinol (umol/l) 3.1 2.8 2.7
Switzerland (Schiipbach, 2017)
Number 100 53 53
Intakes (RAE) 739
Blood retinol (umol/l) 1.9 1.6 1.6 .92-2.76
Germany (Weikert, 2020)
Number 36 36
Intakes (RAE) 1,390
Blood retinol (umol/l) 2.1 1.8 1.46-2.84
Germany (Manzel, 2021)
Number 36 36
Blood retinol (umol/l) 21 1.8
Germany (Dawczynski, 2022)
Number 65 65 58
Intakes (RAE) 1,614 1,513 1,742
Blood retinol (umol/l) 1.6 1.7 1.4 1.46-2.85
EPIC-Oxford (Sobiecki, 2016)
Male
Number 269
Intakes (RAE) 432
Female
Number 534
Intakes (RAE) 451

The table shows that vegans who eat more 3-carotene than those in
EPIC-Oxford had retinol levels lower than what [Wu et al.] recommend. It,
therefore, seems possible that low B-carotene intakes among
EPIC-Oxford vegans could have contributed to higher fracture rates.

It's easy for most vegans to get enough B-carotene through common,
whole foods such as carrots, but if you neglect such foods it's possible to
be quite low (see Daily Needs: Vitamin A for sources and amounts). It's
best to consume food sources of B-carotene with fat for optimal
absorption.

BceigHi | Jlakto-OBO Beranu PedpepeHTHi 3HaYeHHs
ABcTpanis (Li, 2000)
Kinbkictb 78 43 18
CnoxwusaHHs (RAE) 1049
PetuHon kposi (MKkmonb/n) 3.1 2.8 27
LliBenuapis (Schiipbach, 2017)
Kinbkictb 100 53 53
CnoxwusaHHs (RAE) 739
PetuHon kposi (MKkmonb/n) 1.9 1.6 1.6 0.92-2.76
Himeuyunna (Weikert, 2020)
Kinbkictb 36 36
CnoxwusaHHs (RAE) 1390
PeTtuHon kpoBi (MKMonb/n) 21 1.8 1,46-2,84
Himeuyunna (Manzel, 2021)
Kinbkictb 36 36
PetnHon kpoBi (MKmonb/n) 21 1.8
Himeuunna (Dawczynski, 2022)
Kinbkictb 65 65 58
CnoxvsaHrHsa (RAE) 1614 1513 1742
PetuHon kpoBi (MKmonb/n) 1.6 1.7 1.4 1,46-2,85
EPIC-Oxford (Sobiecki, 2016)
YonoBgiku
Kinbkictb 269
CnoxwusaHHs (RAE) 432
XKiHkn
Kinbkictb 534
CnoxwuBaHHs (RAE) 451

Tabnuua nokasye, WO y BEraHiB, Aki CNOXuBatoTb GinbLue B-KapoTuHY, HiX
y EPIC-Oxford, piBeHb peTMHOMY HMXYMI, HiXX pekomeHaye [Wu et al.].
Tomy 34a€TbCA MOXITMBUM, LLO HU3bKE CMOXMBAHHS B-KapoTuHY cepen
BeraHiB B EPIC-Oxford morno cnpmnatn BuLLin YacToTi nepenomis.

[nsa GinNbLIOCTI BEraHiB f1erko oTpuMaT 4OCTaTHIO KiNbKiCTb B-KapOTUHY
3a JONOMOrOK 3BUYANHUX LiNbHUX NPOAYKTIB, TakMX Ik MOPKBA, ane sikLio
BM HEXTYETE TaKMMW NPOAYKTaMU, TO OTPUMaHa KifbKiCTb B-KapOTUHY
MoXxe ByTn gocuTb Manot (auB. Takox LLlogeHHi noTpebu: BiTamiH A).
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Zinc

Zinc is both a component of bone and also involved in many metabolic
pathways that could impact bone health. The DRI for zinc is 11 mg for
men and 9 mg for women. Vegans typically ingest close to the DRI
through food, but there’s a concern that lower zinc absorption from plant
foods could interfere with many vegans reaching optimal zinc status.

Studying the relationship between zinc intake and disease is complicated
by the fact that zinc comes in high-protein foods and often in conjunction

with a number of other minerals. There’s also no easy way to assess zinc
status.

A 2021 meta-analysis of 40 studies examined associations between zinc
intakes (both from food and supplements), serum zinc levels, bone
mineral density and markers, and fracture risk [Ceylan, 2021]. Low serum
zinc levels were associated with a higher rate of osteoporosis among
case-control studies.

Caloric intake and zinc intake from supplements, but not from food, were
associated with higher serum zinc levels. Zinc supplementation appeared
to be associated with higher BMD at the femoral neck but lower BMD in
the lumbar spine. Figure 6 of Ceylan et al. shows higher BMD in the
lumbar spine and femur was associated with a serum zinc level of about
80 to 90 ug/dl.

The table below lists the zinc levels and intakes of vegans compared to
those of meat-eaters and lacto-ovo-vegetarians in several studies,
including from the EPIC-Oxford survey conducted in 2010.

Hawkpalle BxvBaTu NpoayKTu-axeperna [-kapoTuHy 3 [Xepenamu Xupis
AJ151 ONTUMAanNbHOMO 3aCBOEHHS.

LInHK

LINHK € KOMNOHEHTOM KiCTOK, a TakoX Bepe y4acTb y baraTtbox
MeTabonivyHMX Wnaxax, ki MoXyTb BNAMBaTU Ha 300pOB’s KicTok. Hopmu
DRI gns umHky ctaHoBuTb 11 Mr gns 4onosikiB i 9 Mr gns XiHoK. BeraHu
3a3BUYan CnoXmBatoTb 3 xeto 6nnabko Hopmu DRI, ane icHye
3aHEMOKOEHHS, WO HNU3bKe 3aCBOEHHS LIMHKY 3 POCITMHHOI DXi MOXe
nepeLwkoanTn GaratbOM BeraHam SOCArTU ONTUMANbHOMO PiBHA LUHKY.

BuBYEHHS 3B’513KY MiXK CMOXMBaAHHSAM LUHKY Ta 3aXBOPHOBAHHAMM
YCKMaAHETbCA TUM DAKTOM, LLIO LIMHK MICTUTLCS B NPOLYKTaxX 3 BUCOKUM
BMiCTOM Oinika i YacTo B NOEAHAHHI 3 HA3KOH iHLWINX MiHepaniB. Takox
Hemae nNpocToro cnocody OUHUTU HAOXOOXKEHHS LUHKY OKPEMO.

MetaaHani3 40 gocnigxeHb 2021 poKy BUBYMB 3B’A30K MiXK CMOXMBAHHAM
LUHKY (5K 3 DXeto, Tak i 3 gobaBkamMu), piBHEM LIMHKY B CMPOBaTL,i KPOBI,
MiHEparbHOK LWINbHICTIO | MapKkepaMn 300p0OB’St KiICTKOBOT TKAHWHK Ta
puaukom nepenomis [Ceylan, 2021]. Hu3bkui piBeHb LIMHKY B CUpOBaTLi
acouitoBaBCS 3 BULLMM PiIBHEM OCTEONOPO3Y B AOCHIAXKEHHAX TUMY
«BUMNAaLOK-KOHTPOSIbY.

CnoXuBaHHSA Karnopin i CNoXMBaHHSA LMHKY 3 JoBaBKaMu, ane He 3 hkelo,
Byno nos’a3aHe 3 BULWUM PIBHEM LIMHKY B CMPOBAaTLi KpoBi. [loaaBaHHSA
LUUHKY BMSIBUIIOCS NOB’SI3aHMM i3 BULLOK MiHEPANbHO LWiNbHICTIO
KicTkoBol TKaHMHM (MLLKT) y wwnili cterHoBoI KicTku, ane Hukdoo MLLUKT
y nonepekoBoMy Biaaini xpebTa. Intoctpauia 6 B gokymeHTi Big Ceylan et
al. nokasye 6inbw smucoky MLUKT y nonepekoBomy Bigaini xpebra Ta
CTErHOBIN KiCTLj, WO 6yno NnoB’si3aaHO 3 piBHEM LIMHKY B CUPOBATLi KPOBI
npunbnuaHo Big 80 go 90 mkr/an.

Y Tabnuui HMXYe HaBe4EeHO PiBEHb LIMHKY Ta CNOXMBAHHA MOro BEraHaMu
NOPIBHAHO 3 BCEIAHMMM Ta NTAKTO-OBO-BereTapiaHusaMn. [JaHi AeKinbKox
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Zinc Status among Diet Groups in Europe

Meat-Eaters | Lacto-Ovo Vegan Reference

Germany (Vallboehmer, 2025)
Number 65 45 18
Intakes (mg) NR NR NR

Zinc-deficient based on intake (%) 1.5% 71.1% 94.4%
Serum zinc (ug/dl) 83.0 78.2 64.9 270
Germany (Klein, 2023)
Number 40 45 40
Intakes (mg) 12.0 8.6 7.1
Serum zinc (ug/dl) 64.9 64.7 60.4 60-120
Germany (Weikert, 2020)
Number 36 36
Intakes (mg) 11 12
Blood zinc (ug/dl) 87.0 80.0 60-120
Switzerland (Schiipbach, 2017)
Number 100 53 53
Intakes (mg) 11.2 10.2 11.5
Blood zinc (ug/dl) 85.0 78.0 72.0 70-130
EPIC-Oxford (Sobiecki, 2016)
Male
Number 3,798 1,516 269
Intakes (mg) 10.9 10.9 9.4
Female
Number 14,446 5,157 534
Intakes (mg) 10.4 10.0 8.4

The vegans in EPIC-Oxford had zinc intakes lower than the vegans in the
studies from Switzerland and Germany, and the vegans from Switzerland
and Germany had lower average serum zinc levels than those associated
with higher bone mineral density in Ceylon et al.’s meta-analysis. One
study from Germany (Vallboehmer, 2025) found a high rate of zinc
deficiency among vegans. This suggests that poor zinc status might have
contributed to reduced bone health among vegans in EPIC-Oxford.

aocnigxXeHs, y ToMmy Yncni 3 onutyBaHHa EPIC-Oxford, nposeaeHoro B
2010 poui.

CraTtyc UMHKY cepepn Ai€ETUYHUX rpyn y €Bponi

BceigHi | Jlakto-OBo | BeraHu PecpepeHTHi 3HaYeHHsA

Himeuyuuna (Vallboehmer, 2025)
Kinbkictb 65 45 18
CnoxuBaHHs (Mr) NR NR NR

3 pediunToM CnoXxmBaHHS UMHKY (%) 1.5% 71.1% 94.4%
LinHk y cupoBatui kpoBi (Mkr/an) 83.0 78.2 64.9 270
HimeuuuHa (Klein, 2023)
KinbkicTb 40 45 40
CroXuBaHHsi (Mr) 12.0 8.6 7.1
LinHk y cupoBatui kpoBi (Mkr/an) 64.9 64.7 60.4 60-120
HimeuunHa (Weikert, 2020)
KinbkicTb 36 36
CroXuBaHHsi (Mr) 11 12
LinHk y kposi (Mkr/a) 87,0 80,0 60-120
LLBenuapis (Schiipbach, 2017)
KinbkicTb 100 53 53
CroXuBaHHsi (Mr) 11,2 10,2 11,5
LinHk y kposi (Mkr/a) 85,0 78,0 72,0 70-130
EPIC-Oxford (Sobiecki, 2016)
Yonogiku
Kinbkictb 3798 1516 269
CnoxuBaHHs (Mr) 10,9 10,9 9,4
XKinkun
KinbkicTb 14446 5157 534
CroXuBaHHsi (Mr) 10,4 10,0 8,4

BeraHu B EPIC-Oxford manun HWX4nn piBeHb CNOXMBaAHHS LIMHKY, HiX
BeraHu B gocnigxeHHax 3i LLsenuapii Ta HimeuunHn, a BeraHm 3i
LLBenuapii Ta Hime4yymHn manu B cepeaHboMy HXKYUIW PIBEHb LIMHKY B
CUpOBaTLi KPOBI, HiXX piBEHb LIMHKY, MOB’A3aHUIN 3 BULLOK MiHEParbHO
LWiNbHICTIO KiICTOK y MeTaaHanisi Ceylon Ta iH. OgHe JoCnigKEeHHS,
npoBeaeHe B HimewunHi (Vallboehmer, 2025), BUSSBUNO BUCOKUI pPiBEHDb
AediunTy UMHKY cepeq BeraHis. Lle cBigunTb Npo Te, WO HU3bKUI PiBEHD
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Vegans should make an effort to include foods high in zinc or take a
multivitamin or modest zinc supplement. See Daily Needs for
recommendations.

Selenium

In a prospective study from the U.K. of 1,144 postmenopausal women,
higher selenium levels were associated with greater bone mineral density
at the hip, but not the lumbar spine, at study entry but not after 6 years of
follow-up [Hoeq, 2012]. There was also no association between selenium
levels and bone fractures after 6 years of follow-up.

In EPIC-Oxford, a follow-up survey sent to participants an average of 14.3
years after recruitment, found that a high percentage of vegetarians
weren’t meeting the estimated average requirement (EAR) for selenium
[Sobiecki, 2016].

Selenium Intakes in EPIC-Oxford

Meat-Eaters | Fish-Eaters | Lacto-Ovo | Vegan

Males
Number 3,798 782 1,516 269
Food only

Selenium intake (ug/day) 69 72 55 62

Intake below U.S. EAR of 45 pg/day 12% 12% 43% 33%
Selenium supplement 5% 6% 4% 7%
Females
Number 14,446 3,749 5,157 534
Selenium intake (pg/day) 66 64 45 52

Intake below U.S. EAR of 45 pg/day 14% 20% 60% 49%
Selenium supplement 5% 5% 4% 5%

LUUHKY Mir HeraTMBHO BMNJIMHYTWU Ha 300POB’Sl KICTOK cepefl BeraHiB y
EPIC-Oxford.

BeraHu noBuHHI foknagaTtu 3ycurnb, Wo6 BKNOYATV NPOAYKTU 3 BUCOKUM
BMICTOM LIMHKY abo npuimaTu nosiBiTamMiHn Yn HEBENUKI OBaABKN LMHKY.
[ne. Takox LLlogeHHi noTpebu Wwoao LMHKY.

CeneH

Y npocnekTMBHOMY OOCRIAXEHHI, NpoBeaeHomy y BenukobputaHii 3a
yyacTio 1144 xiHOK y nocTMeHonaysi, BULLWiA piBeHb cerneHy bys
NoB’A3aHUN i3 BiNbLUOK MiHEPANbHO LLIMBHICTIO KICTOK Y CTErHax, ane He
B nonepekoBoMy Biaaini xpebTa, Ha novaTKy AOCNiAXEHHS, ane He nicns 6
pokiB cnocTtepexeHHs [Hoeg, 2012]. Takox He Byno 3B’A3KYy MiX piBHEM
ceneHy Ta nepenomamm KiCToK nicrist 6 pokiB CNOCTEPEXEHHS.

Y onutyBaHHi EPIC-Oxford, ske npoBogunocs 3 ydacHukamu B
cepeaHbomy Yepes 14,3 poKy nicng NepBUHHONO BKITKOYEHHS 1X B
AocnigXeHHs, 6yno BUSIBIIEHO, LLIO BUCOKUI BIACOTOK BereTapiaHuiB He
BignoBigae opieHTOBHIN cepeaHin notpebi (EAR) y ceneHi [Sobiecki

2016].

CnoxuBaHHA ceneHy B EPIC-Oxford

BceigHi | Cnoxusanu puby | Jlakto-OBo | Beranm

Yonogiku
Kinbkictb 3798 782 1516 269
Tinbku xa

CroxuBaHHs ceneny (MKr/aeHb) 69 72 55 62

CnoxvBaHHs Hwk4e U.S. EAR 45 mkr/aeHb 12% 12% 43% 33%
[lo6aBka ceneny 5% 6% 4% 7%
XKiHku
KinbkicTb 14446 3749 5157 534
CnoxuBaHHs ceneHy (MKr/aeHb) 66 64 45 52

14% 20% 60% 49%
[ob6aBka ceneny 5% 5% 4% 5%

CnoxuBaHHs Hwkye U.S. EAR 45 mkr/geHb
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Source: Sobiecki, 2016.
Selenium supplements didn't include multivitamins.

In the case of EPIC-Oxford, vegans had higher selenium intakes than
lacto-ovo-vegetarians, whereas lacto-ovo-vegetarians had total fracture
rates similar to meat-eaters (HR 1.07, Cl 0.97-1.18). If selenium was
increasing the fracture rates of vegans, it seems like it should be doing the
same for lacto-ovo-vegetarians.

In contrast to selenium intakes being higher for vegans than
lacto-ovo-vegetarians in EPIC-Oxford, selenium levels in toenails from the
U.K. county of Norfolk showed significantly different selenium levels
between omnivores (685 ng/g, n=67), lacto-ovo-vegetarians (591 ng/g,
n=23), and vegans (541 ng/g, n=34). The authors reported that Norfolk’s
soil is high in selenium [Judd, 1997].

A cross-sectional study from Germany comparing 36 sex and
age-matched omnivores and vegans found no significant difference
between median plasma selenium levels: 77 ug/l vs. 68 ug/l, respectively
[Weikert, 2020]. However, there was a significant difference in
selenoprotein P levels which are more indicative of selenium status
(omnivores: 5.0 mg/l; vegans: 3.3 mg/l). No reference range was provided
and selenium intakes weren’t measured.

In comparing the German vegans in Weikert et al. to the quintiles of
women with higher bone mineral density in Hoeg et al., the vegans would
have had low selenium plasma levels but adequate selenoprotein P
levels.

While it’s unlikely that poor selenium status explains a significant portion
of the higher fracture rate in EPIC-Oxford, because selenium intakes can
be low in vegan diets in some countries, it's important that vegans in those
countries ensure an adequate source (see Selenium).

[xepeno: Sobiecki, 2016.
CeneHoBi f06aBKW He BKNoYanu nonisitaMiHu.

Y sunagky EPIC-Oxford BeraHu cnoxuBanu binbLue ceneny, Hix
NnakTo-0BO-BereTapiaHLi, To4i 9K NakTo-oBO-BereTapiaHui Manu 3ararnbHy
yacToTy nepenomis, nogidHy go m’scoigis (HR 1,07, Cl 0,97-1,18). Axwo
ceneH 36inbLlyBaB YacToOTy NEPENOMIB y BEraHiB, 30a€TbCs, L0 BiH
NOBMHEH poBUTKU Te came A4NS NakTo-0BO-BereTapiaHLiB.

Ha BigMiHy Big cnoXxunBaHHA cenexy, ake 6yno BMWMM NS BEraHiB, HiX
ANs NakTo-oBo-BereTapiaHuiB y gocnigxeHHi EPIC-Oxford, pisHi ceneHy B
HIrTAX Ha Horax y rpadcTsi Hopdonk y BenukobputaHii nokasanu 3HayHy
pi3HMLIO MiXX BCceigHumMu (685 Hr/r, n=67), nakTo-oBO-BereTapiaHusmu (591
Hr/r, n=23) i BeraHamu (541 Hr/r, n=34). ABTOpM NOBIJOMUNMU, LLO I'PYHT
Hopdornka mae Bucokumn BmicT ceneHy [Judd, 1997].

MepexpecHe gocnigxeHHs B HimeyunHi, sike nopisHoBano 36 BCeigHUX i
BeraHiB BigNOBIAHOT CTaTi Ta BiKy, HE BUSIBUITIO ICTOTHOI Pi3HULi MiXK
cepeHiMu piBHAMK cerneHy B nnaami: 77 MKr/n npotn 68 Mkr/n BignosigHoO
[Weikert, 2020]. MNMpoTe 6yna 3Ha4Ha pi3HMLS B PIBHAX ceneHonpoTeiHy P,
AKi BinblUe BKa3yloTb Ha cTaTyc ceneHy (BceigHi: 5,0 mr/n; BeraHn: 3,3
Mmr/n). PedpepeHTHUI fiana3oH He HadaHo, i CNOXMBAHHS CENeHy He
BUMiptoBanocs.

AKLLIO NOPIBHATU HiMeLbKNX BeraHiB y gocnigxeHHi Weikert ta iH. 3
BiANOBIAHO KBIHTUIISIMU XIHOK 3 BMLLIOIO MiHEPAISTbHO LWiNbHICTHO KICTKOBOI
TKaHWHW Y gocnigkeHHi Hoeg Ta iH., To 6a4mMmo, WO BEraHn mMmatTb
HW3bKMI PiBEHb CENeHy B Nnasmi, ane AoCTaTHIN piBEHb CENEHONPOTEIHY
P.

Xo4ya ManommoBIipHO, LLIO HU3LKUIW PIBEHb CEMNEHY NOACHIOE 3HAYHY
YacTuHy BuULWOT YacToTn nepenomis y EPIC-Oxford, ockinbku cnoxmnBaHHs
ceneHy mMoxe 6yTN HU3bKUM Y BEraHCbKMX paLioHax y AesKuX KpaiHax, Bce
€ Taku BaXNuBo, LWob BeraHn B LnUX kpaiHax 6ynu 3abe3neyeHi
afleKkBaTHUM JpKeperiom ceneny (OMB. Takox ctatTio Cenen).
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lodine

[Lightowler and Davies (1998)] found a urinary iodine concentration (UIC)
for vegans in the U.K. well below what's considered healthy for a population, and
the second-lowest average vegan UIC recorded to date. However, there are
problems in using UIC to assess the iodine status of vegans (see Urinary lodine
Concentrations of Vegans).

Through chemical analysis, Lightowler found baseline iodine intakes from
food to be 87 pg/day which, while far short of the RDA of 150 pg/day,
approximates the mean daily iodine turnover of ~95 ug/day
[Zimmermann, 2012].

Dietary iodine is absorbed at a rate of >92% [Zimmermann, 2012],
leaving these UK vegans with a slightly lower intake, on average, than
required for iodine turnover unless they were taking supplements. [Key et
al. (1992)] found mostly normal thyroid hormone levels among vegan men
from the U.K., with the notable exception being vegans who were likely
receiving excessive iodine by supplementing with kelp. It's noteworthy that
vegans supplementing with kelp in Key et al. had hypothyroidism rather
than hyperthyroidism.

A meta-analysis of subclinical thyroid dysfunction examined data from 17
cohort studies [Zhu, 2020]. Subclinical hypothyroidism was not associated
with an increased risk of any fracture (P = 0.166), hip fracture (P = 0.068),
or spine fracture (P = 0.818). The only (barely) significant association
between subclinical hypothyroidism and bone mineral density (BMD) was
an increased BMD in the higher femur neck in women (weighted mean
difference 0.04, Cl1 0.01-0.08, P=0.026). In contrast, subclinical
hyperthyroidism (not hypo- !) was associated with an increased risk of
fracture (RR 1.17, Cl 1.08-1.26).

~

Non

Lightowler and Davies (1998)] BusiBunu, WO KOHUEHTpaLia nogy B cevi
(urinary iodine concentration, UIC) gns BeraHiB y CnonyyeHomy
KoponiBCTBi 3HAYHO HWXKYA, HiXK BBAXKAETbCS 340POBOK0 AS151 HACENEHHS, |
ue OpYrmn HanHWX4YM cepegHin nokasHuk UIC ans BeraHis,
3apeecTpOBaHM Ha CbOrOAHILWHIM AeHb. OgHak icHyTb Npobnemu 3
BukopuctaHHam UIC ansa ouiHkn nogHoro ctaTtycy BeraHis (oM. po3gin
KoHLEeHTpaLlia oAy B cedi BeraHis).

3a gonomoroto xiMivHoro aHanisy Lightowler susBus, wo 6asose
CMOXWBAHHSA oAy 3 HKew CTaHOBUTb 87 MKr/OeHb, Lo, Xo4a 1 3Ha4YHO
mMeHwe Hixk RDA 150 mKr/geHb, ane HabnmxaeTbca 40 cepeaHbOro
nobosoro obopoTty noay ~95 mkr/aeHe [Zimmermann, 2012].

Wop i3 xeto 3acBoETHCA 3i WBUAKICTIO >92% [Zimmermann, 2012],
TOMY B CEpPeaHbOMY L BpUTaHCbKi BEraHn OTpUMyBarnu AeLo HUxXYe
CMOXMBAHHSA, HX NOTPIGHO Ans 060poTy Noay, SAKLLO BOHU HE NpuiAManu
pobasku. [Key et al. (1992)] BusBUIM B OCHOBHOMY HOpMasibHUIN piBEHb
rOPMOHIB LUMTOBMAHOI 3aro3u cepep YonoBikiB-BeraHiB i3 BennkobputaHii,
3a BUHATKOM BeraHiB, siki, IMOBIPHO, OTPUMYBanun HagaMipHYy KifnbKiCTb
noay, BXuBatoun namiHapito. Cnig 3asHaunTy, WO BEraHu, siki BXneanm
namiHapito B DXy B gocnigkeHHi Key et al., manu rinotnpeos, a He
rinepTupeos.

MeTa-aHani3 cybkniHiYHOI TMpeoigHOoT AMCYHKUIT BUBUMB AaHi 17
KoropTHux gocnigpkeHb [Zhu, 2020]. CyOkniHiYHMI NiNOTUPEO3 He
acouitoBaBcs 3 NigBuLWeHUM puankom byab-skoro nepenomy (P = 0,166),
nepenomy cterHa (P = 0,068) abo nepenomy xpebta (P = 0,818). €EguHum
(negpb) 3HaYyLWMM 3B’A3KOM MiXK CYOKITIHIYHUM FiNOTUPEO3OM |
MiHeparnbHOK LWiNbHICTIO KicTkoBOI TKaHMHM (MLLKT) 6yno 36inbLlueHHs
MLUKT y BepXHi YaCTUHI LUMNKN CTErHOBOI KiCTKW Y XIHOK (3BaXXeHa
cepegHs pisHmua 0,04, C1 0,01-0,08, P=0,026). HaBnaku, cybkniHi4YHMi
rineptnpeos (He rino- !) acouitoBaBcs 3 NigBULLEHUM PUBNKOM NEPEroMiB
(RR 1,17, Cl 1,08-1,26).
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Given that there isn’'t an association between subclinical hypothyroidism
and increased fracture rates in the general population and that while
vegans in the United Kingdom might have low iodine intakes they still
appear to have normal thyroid hormone levels, it seems unlikely that
iodine could have played much of a role in the higher fracture rates found
among vegans in EPIC-Oxford. It’s still prudent for vegans to make sure
they have a reliable source of iodine (see Daily Needs).

Vitamin D

One of the more obvious nutrients to consider when assessing bone
health is vitamin D, which plays a significant role in calcium homeostasis.

EPIC-Oxford didn’t measure vitamin D intakes or blood levels for all the
participants and was therefore not able to adjust the fracture results for
vitamin D status. However, a 2011 report from EPIC-Oxford measured the
average vitamin D levels of a subset of participants. Meat-eaters
(n=1,388) had an average vitamin D level of 77 nmol/l (95% CI 75-79
nmol/l) while vegans (n=89) had an average level of 56 nmol/l (95% CI
51-61 nmol/l) [Crowe, 2011].

Despite the lower vitamin D levels of vegans, their average vitamin D
levels were well above the 30 nmol/l threshold determined by the Institute
of Medicine (IOM) to be necessary for bone health. The IOM says,
“Practically all persons are sufficient at serum 25(OH)D levels of at least
50 nmol/L,” and that optimal vitamin D levels are 50 to 125 nmol/l [Ross,
2011].

EPIC-Oxford conducted a nested case-control study after 5 years of
follow-up comparing the vitamin D levels of participants who had suffered
a bone fracture with those who hadn’t [Roddam, 2007]. The vitamin D
was measured from blood samples that had been taken at recruitment
and stored. The results showed no association between vitamin D levels
and risk of fracture among men or women.

BpaxoBytouu, WO HeMae 3B’A3KY MK CyOKMiHIYHMM FiNOTUPEO30M i
NiABMLLEHO YaCTOTOK NepenoMiB y 3aranbHiv nonynauil Ta Wwo, xova
BeraHm y CnonyyeHomMmy KoponiBCTBi 1 MOXYTb CMOXMBATU HU3LKUI PiBEHb
noay, BOHM BCe LLie MalTb HOPMasbHUA PiBEHb FOPMOHIB LLMTOBUAHOT
3ano3u, 34aeTbCs MaronMOBIPHUM, LLIO NOA MIr 3irpaTtn BENUKY posib y
BULLIN YacToTi nepenomiB cepea BeraHiB y EPIC-Oxford. [1nsa BeraHis Bce
LLle pO3yMHO MepeKOHaTUCS, WO BOHW MalOTb HafdinHe gXepeno nogy (avs.
LLloaeHHi notpebu woao noay).

Bitamin D

OpHieto 3 HANBINbLL OY4EBULHMX NOXKMBHUX PEYOBUH, SIKY Crig
BpaxoByBaTW NpW OUiHL 300POB’A KICTOK, € BiTaMiH D, akui Bigirpae
BaXKMNMBY POrb Y roMeocTasi KasbLito.

EPIC-Oxford He BuMmiptoBaB cnoxmBaHHS BiTaMiHy D abo piBeHb BiTaMiHy
D B KpoBIi N5 BCiX Y4aCHMKIB | TOMY He 3Mir CKOpUryBaTu pesyrnbsratu
nepenomie ans cratycy sitamiHy D. OgHak y 3BiTi EPIC-Oxford 3a 2011
pik Byno BUMIpsIHO cepefHin piBeHb BiTamiHy D y nigrpyni y4acHuKIB.
BceigHi (n=1388) manu cepeaHin piseHb BiTaMiHy D 77 Hmonb/n (95% Al
75-79 Hmonb/n), a BeraHun (n=89) manu cepeHin piseHb 56 HMonb/n (95%
A1, 51-61 Hmonb/n) [Crowe, 2011].

HesBaxarun Ha HWX4YMKM piBeHb BiTaMiHy D y BeraHiB, ixHin cepegHin
piBeHb BiTaMiHy D ByB 3Ha4yHO BULLMM 3a MeXy 30 HMONb/M, BUSHAYEHY
[HcTuTyTOM MeamumHn CLUA (IOM) sk HeobxigHy Ans 300poB’a KICTOK.
IOM 3zassnse: «[pakTnyHo ans seix nogen piseHb 25(0OH)D y cuposarui
KpOBI LoHanMeHLwe 50 HMonb/n € 4oCcTaTHIMY, @ ONTUManbHi PiBHI
BiTaMiHy D ctaHoBnaTh Big 50 go 125 Hmone/n [Ross, 2011].

EPIC-Oxford npoBiB BknageHe AOCHILKEHHSA TUMNY «BUNALOK-KOHTPOSbY
nicnsa 5 pokiB CnocTepexXeHHs!, NOPiBHIOYM piBHI BiTaMiHy D B y4acHuKiB,
AKi 3a3Hanun nepenomy KiCTku, 3 TMUMU, B KOro neperiomis He 6yno
[Roddam, 2007]. BitamiH D BumiptoBanu y 3paskax KpoBi, siki 6ynuv B3aTi
nig Yyac Habopy yyacHuKiB Ta 3bepexeHi. PesynstaTn nokasanu
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Based on this evidence, it's unlikely that lower vitamin D status played a
significant role in the higher fracture rate of vegans in EPIC-Oxford.

Calcium

A 2009 meta-analysis on the bone mineral density of vegetarians
concluded that vegans have statistically significant, moderately lower
bone mineral density than meat-eaters, but that it’s unlikely to result in a
clinically important increase in fracture risk [Ho-Pham, 2009].

In 2007, a 5-year follow-up report from EPIC-Oxford found that vegans
had a higher fracture rate than meat-eaters (IRR 1.30, Cl 1.02-1.66) that
was ameliorated upon adjusting for calcium intake (IRR 1.15, Cl .89-1.49)
[Appleby. 2007]. Among participants who obtained 2525 mg/day of
calcium (only 55% of the vegans compared to ~95% of the other diet
groups), vegans had a similar fracture rate as meat-eaters (IRR 1.00, ClI
.69-1.44).

The study didn’t give the average calcium intake of the vegans who
obtained 525 mg/day or more, but it was possible to calculate that at a
minimum, their average calcium intake was 640 mg. As of 2007, low
calcium intake had full explanatory power for the higher fracture rate of
vegans in EPIC-Oxford.

Now let’s take a look at the relationship between calcium intake and
fracture risk outside of EPIC-Oxford.

A meta-analysis of 44 cohort studies found that dietary calcium between
about 800 to 1,000 mg per day isn’t associated with risk of fracture, and
there’s no evidence that increasing dietary calcium within that range or

higher prevents fractures [Bolland, 2015]. (An exception is that calcium

BiOCYTHICTb 3B'AI3KYy MiX piBHeM BiTaMiHy D i pusmkom nepenomis cepes
YONNOBIKIB i )KIHOK.

Buxogsauum 3 unx gokasis, ManonMOBIpPHO, WO HU3bKUI piBeHb BiTaMiHy D
BiZlirpaBaB 3HA4YHy POrb Y BULLIWM YACTOTi NepenomiB y BeraHis y
EPIC-Oxford.

Kanbuin

Meta-aHani3 miHepanbHOI LWiSIbHOCTI KICTKOBOI TKaHWHW BereTapiaHuiB y
2009 poui 3pobmB BUCHOBOK, LLIO BErAHN MatTb CTAaTUCTUYHO 3HAYYLLLY,
NOMIPHO HWXYY MiHEpanbHY LUiNbHICTb KICTKOBOI TKAHWHW, HIXK BCEIOHI
noan, ane ue HaBpag Ym npmssene 40 KIiHIYHO BaXKIIMBOTO MiABULLEHHS
pu3uky nepenomis [Ho-Pham, 2009].

Y 2007 poui 5-piyHui 3BiT EPIC-Oxford nokasas, L0 y BeraHiB 4actota
nepenomis BuLle, Hix y macoigis (IRR 1,30, CI 1,02-1,66), ska
3MeHLWwunacs nicnsa KopuryesaHHsa Ha cnoxusaHHs kanbuito (IRR 1,15, Cl
0,89-1,49) [Appleby. 2007]. Cepen y4acHukiB, siki oTpumyBanu 2525
Mr/aeHb kanbLito (Tinbkn 55% BeraHiB NOpiBHAHO 3 ~95% 3 iHWKNX
AIETUYHUX rpyn), BeraHn manu nogibHy 4acTtoTy nepenomis, siK i M’acoigm
(IRR 1,00, CI 0,69-1,44) .

[ocnigpkeHHA He BKadyBano cepefHe CNoXnBaHHA KanbLito BeraHaMu, siki
oTpumyBanu 525 mr/aeHb abo GinbLue, ane MoxHa 6yno nigpaxysaTu, WO
SK MiHIMYM TXHE CepefiHE CMOXMBAHHS KanbLito cTaHOBUMO 640 Mr.
CtaHom Ha 2007 pik HM3bKE CNOXMBAHHS KanbLito Maro NOSACHEHHS BULLOI
yacTtoTu nepenomis y BeraHis y EPIC-Oxford.

Tenep goaBanTe NOANBUMOCS Ha 3B’SI30K MiXK CMOXMBAHHAM KanbLito Ta
pu3nkom nepenomis 3a mexamu EPIC-Oxford.

MeTaaHani3 44 KoropTHUX AocnigKeHb BUABUB, O HAOAXOMKEHHSA KarbLito
3 pauioHy B mexax Big npmbnunaHo 800 go 1000 mr Ha AeHb He NOB’A3aHe
3 PU3NKOM Neperomis, i HeMae XoaHUX AoKasiB Toro, Wo 30inbLUeHHS
KanbLito B pauioHi BcepeavHi Lboro gianasoHy abo Buue 3anobirae
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and vitamin D supplements have been found to help women aged 69 to
106 years old who normally have low calcium intake and poor vitamin D
status; see Appendix E: Calcium and Vitamin D Supplements in Elderly
Women with Low Vitamin D Levels).

Among omnivores with lower calcium intakes, there have been mixed
results with some studies finding an increased risk of fracture among
people with very low calcium intakes of about 300 mg/day or less [Xu,
2004].

A prospective, observational study of Koreans measured fracture rates of
an older population with relatively low calcium intakes [Kong, 2017].
Quartiles of calcium intake for women were 178, 314, 455, and 778 mg
per day, and for men were 208, 344, 489, and 803 mg per day. After 9
years, there was no association between calcium intake and fracture risk
for men or women.

An observational study from Sweden followed 61,433 women for 19 years
[Warensjo, 2011]. They were divided into quintiles of calcium intake
(<751, 751-882, 882-996, 996-1,137, and >1,137). Calcium intakes below
~700 mg per day were associated with an increased risk of hip fracture,
any fracture, and osteoporosis. Within the lowest quintile, the risk of
fracture increased for every 100 mg decrease in calcium intake (first
fracture: HR 1.08, CI 1.04-1.11; hip fracture: HR 1.07, CI 1.01-1.13). The
paper provided a graph of hip fractures showing little change between
calcium intakes of 700-1,000 mg/day, but a steady, exponential increase
as intakes decrease from 700 to 400 mg/day.

In EPIC-Oxford’s 2020 report, results were adjusted for calcium intakes
using a stratification method with the categories <525, 525-699, 700-899,
900-1199, 21200 mg/day. In Table 2, they report fracture rates of vegans
compared to meat-eaters adjusted for all variables except calcium and
protein (HR 1.43, Cl 1.20-1.70) and for all variables including calcium but
not protein (HR 1.31, Cl 1.10-1.57).

nepenomam [Bolland, 2015]. (BuHATkoMm € Te, Wwo aobaBku KanbLito Ta
BiTaMiHy D, sik 6yno BCTaHOBNEHO, AonomaralTb XiHkam BikoM Bifg 69 Ao
106 pokiB, AKi 3a3BMYan MalOTb HNU3bKE CMOXMBAHHSA KarbLilo Ta NoraHum
cratyc BitamiHy D; gus.Jogatok E: [1o6aBku kanbLito Ta BitamiHy D y
YKIHOK MOXMNOro BiKY 3 HU3bKMM PiBHEM BiTaminy D).

Cepep BceigHUX nogen i3 HU3bKMM CNOXMBaHHAM KasbLito 6ynu
HeOLHO3HauHi pe3ynbTaTu: AesKi JOCIOKEeHHS BUSBUNK NMigBULLEHNI
PU3UK Nepenomie cepes Noaen i3 gy>xe HA3bKUM CNOXMBAHHAM KanbLito
npnbnuaHo 300 mr/geHb abo meHwe [Xu, 2004].

MpocnekTuBHE 0bOCepBaLiiHe AOCHiAXEHHS KOpenuiB BMMiptoBarno
YacToTy NepesiomiB cepe NiTHbOro HacerneHHs 3 BiHOCHO HU3bKUM
cnoxmBaHHAM Kanbuito [Kong, 2017]. KsapTuni cnoXuBaHHs KanbLito ans
)KiHOK cTaHoBunn 178, 314, 455 i 778 mMr Ha aeHb, a ansa 4Yonosikis — 208,
344, 489 i 803 mr Ha oeHb. Yepes 9 pokiB He Byro BMUSIBIEHO XKOOHOMO
3B’S13KY MiXK CMIOXMBaAHHSAM KasibLilo Ta pU3MKOM NeperioMiB y YOMNoBIKIB YK
XKIHOK.

O6cepBauiniHe gocnigxeHHs B LLBewii cnoctepirano 3a 61 433 xiHkamu
npotsarom 19 pokis [Warensjo, 2011]. BoHuu 6ynu posgineHi Ha KBiHTUII
CroXuBaHHSA KanbLito (<751, 751-882, 882-996, 996-1137 i >1137).
CnoxuBaHHSA KanbLito Huwk4e ~700 Mr Ha geHb B6yno noe’sizaHe 3
NiaABMLLEHMM PU3MKOM NEPENOMY cTerHa, byab-sKkoro nepeniomy ta
0OCTeonopoasy. Y Mexax HarHMX4YOro KBiHTUNSA pU3nK nepenomis 3poctaB
Ha KOXHi 100 Mr 3HMXXEHHSA CNoXMBaHHSA KanbLito (Nnepwmin nepenom: HR
1,08, CI 1,04-1,11; nepenom cterHa: HR 1,07, Cl 1,01-1,13). Y gokymeHTi
HaBeaeHOo rpadyik neperiomiB CTerHa, Lo nokasye HeBemnuKi 3MiHN MidK
cnoxmBaHHAM Kanbuito 700-1000 mr/aeHb, ane nNocTinHe,
€KCMOHeHUjianbHe 36iNbLUeHHS, KON CNoXuBaHHA 3MeHwyeTbes Big 700
no 400 mr/geHsb.

Y 3BiTi EPIC-Oxford 3a 2020 pik pe3ynstatn 6ynu ckopuroBaHi 3a
CMOXMBAHHAM KanbLito 3a ZOMNOMOrol MeToay cTpatudikauii 3
kateropiamm <525, 525-699, 700-899, 900-1199, 21200 mr/geHb. Y
Tabnuui 2 BOHN NOBIAOMASOTL NPO PU3NKN NEPENOMIB Yy BEraHiB
MOPIBHSAAHO 3 BCEIAHNUMM NOgbMU, CKOPUroBaHi 3a BCiMa napameTpamu,
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That the HR decreased suggests low calcium intakes might have had a
small impact on the higher rate of fracture among vegans. In a
sub-analysis (Table 4), they found that among participants with calcium
intakes 2700 mg/day, vegans still had a higher risk of total fractures (HR
1.50, CI 1.12-1.99). In private correspondence, Dr. Tammy Tong of
EPIC-Oxford said that preliminary testing of the results showed that the
higher fracture rates of vegans weren’t driven by the extreme categories
of calcium intake.

In a 2016 report from EPIC-Oxford, calcium intake for vegans,
lacto-ovo-vegetarians, and meat-eaters was 839 mg, 1,099 mg, and 1,078
mg for women, and 862 mg, 1,153 mg, and 1,120 mg for men [Sobiecki
2016]. In a 2003 report from EPIC-Oxford, calcium intake for vegans,
lacto-ovo-vegetarians, pesco-vegetarians, and meat-eaters was 582 mg,
1,012 mg, 1,021 mg, and 989 mg for women, and 610 mg, 1,087 mg,
1,081 mg, and 1,057 mg for men [Davey. 2003].

Putting all the research together, it's unlikely that low calcium intake
accounts for much of the fracture rates among vegans, but it's prudent for
vegans to ensure a dietary calcium intake of 700 mg/day, which is the
United Kingdom’s recommendation for adults [Theobald, 2005]. | hesitate
not to recommend the full U.S. RDA for adults of 1,000 or 1,200 mg
(depending on age and sex), but the data indicate that about 800 to 850
mg is likely adequate.

There are concerns about supplements increasing the risk of artery
calcification, although these concerns probably aren’t relevant to people
on the lower end of calcium intakes (more info in Safety of Calcium

Supplements).

Protein

Kpim Kanbuito Ta 6inka (HR 1,43, Cl 1,20-1,70) i 3a BCima 3MiHHMMN,
BKNtoYaoumM Kanbuin, ane He 6inok (HR 1,31, ClI 1,10-1,57). .

Te, wo koediuieHT pu3unky (hazard ratio, HR) 3HM3MBCSA, CBIAYMTL NPO Te,
LLO HM3bKE CMOXWUBAHHSA KanbLiito MOrMo MaTu HEBENUKMIA BNNMB Ha OinbLu
BMCOKMI piBEHb NepenomiB cepep BeraHis. [ig yac cybananisy (tabnuus
4) aBTOpPU BUABUINU, LLO Cepe YHaCHUKIB i3 CNOXnBaHHAM KanbLito =700
Mr/O€eHb BEraHn BCe Le Manuv BULWMIA pU3KK 3aranbHmx nepenomie (HR
1,50, Cl 1,12-1,99). Y npuBaTHOMY NUCTYBaHHi OKTOp TeMmi ToHr 3
EPIC-Oxford ckasana, L0 nonepeaHe TeCTyBaHHSA pe3ynbraTiB nokasarno,
LLIO BULLMIA piBEHb NEPENOMIB Yy BEraHiB He OyB 3yMOBEHWI
€KCTpeMarnbHUMN KaTeropiamMmm CrnoXXnBaHHs KanbLito.

Y 3BiTi EPIC-Oxford 3a 2016 pik cCnoXxmMBaHHSA KanbLito 4119 BEraHiB,
nakTo-oBO-BereTapiaHuiB i BceigHux ntogen ctaHosmno 839 mr, 1099 mr i
1078 mr gnsa xiHok i 862 mr, 1153 mri 1120 mr gns 4YonoBikiB BigNOBIAHO
[Sobiecki, 2016]. Y 3BiTi EPIC-Oxford 3a 2003 pik cnoXuBaHHs KasnbLito
ANs BeraHiB, NakTo-oBO-BereTapiaHUiB, NeCKo-BeretTapiaHUiB i BCEIAHNX
mopaen ctaHosuno 582 mr, 1012 mr, 1021 mr i 989 mr ans xiHok i 610 wr,
1087 wmr. , 1081 mri 1057 mr gna yonosikis BignosigHo [Davey, 2003].

3 ornagy Ha BCi JOCNIOKEHHS, ManoVMOBIPHO, LLIO HU3bKE CMOXMBAHHSA
KanbLito € npn4nHolo BinbLUOT KiflbKOCTI NepenomiB cepep BeraHis, ane
BeraHam JoUinbHO 3abe3nevnTn CnoXmMBaHHA KanbLito Ha piBHi 700
Mr/aeHb, Wo € pekoMmeHaauieto CrnonydeHoro KoponiecTBa Anst 4OPOCNnX
[Theobald, 2005]. A Baratocs He pekomMeHayBaTh NOBHY PEKOMEHLOBaHy
pobosy no3y CLUA ona gopocnux y 1000 a6o 1200 mr (3anexHo Big BiKy
Ta cTarTi), ane gaHi nokasytTb, Wwo npnbnmnsHo 800-850 mr € gocTtatHiMu.

ICHYIOTb 3aHENOKOEHHS LLOAO TOro, WO A06aBKu NigBULLYIOTE PU3MK
Kanbumdikauii apTepin, xo4a Ui 3aHENOKOEHHS, MMOBIPHO, HE CTOCYHOTbLCSA
nogen, ki MaroTb HaOXOMXKEHHS KanbLito 6nmx4ye A0 HUXKHBbOT MeXi
cnoxuBaHHs (GinbLwe iHopmauii anB. Be3neyHicTs 406aBOK KanbLit).

Binok
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Vegans tend to have lower protein intakes, both in absolute amounts and
as a percentage of calories, and the impact of protein on bone health has
been a source of controversy in the vegan community.

[Shams-White et al. (2017)] explain that early studies suggested that
higher protein intakes, especially animal protein, increase urinary calcium
excretion. While it was originally thought that this excreted calcium comes
from the demineralization of bones, research in the 2000s showed that
this calcium comes from the diet by way of increased absorption. Because
protein is a major component of bone, others have speculated that
increased protein can help prevent bone loss due to aging.

A meta-analysis of 20 prospective observational studies and 16
randomized controlled trials found no significant association between
dietary protein and fracture risk [Shams-White, 2017]. There was some
evidence that more protein reduced bone loss of the lumbar spine among
older adults.

The study was supported by the Egg Nutrition Center and Dairy
Management Inc. who were said not to have had any role in the design,
analysis, interpretation, or presentation of the data or the results.

One study from France (included in the meta-analysis by Shams-White et
al.) found that among women with calcium intakes lower than 400 mg/day,
protein intake, which they suggested was mostly animal protein, increased
the risk of fracture [Dargent-Molina, 2008].

In EPIC-Oxford’s 2020 report, a stratification method was used to adjust
for protein using categories of <13%, 13-14.4%, 14.5-15.9%, 16-18.0%,
and 218.1% of energy. In Table 2, they report fracture rates of vegans
compared to meat-eaters adjusted for all variables except calcium and
protein (HR 1.43, Cl 1.20-1.70) and for all variables including protein but
not calcium (HR 1.39, ClI 1.16-1.67); that the HR decreased suggests low
protein intakes might have had a small impact on the increased rate of
fracture among vegans.

BeraHu, sik npaBunno, CnoXxueawTb MeHLUe 6inka, Sk B abConoTHMX
KITbKOCTSIX, TaK i y BigCcoTKax Big kanopin, i Bnnme 6inka Ha 300poB’s
KICTOK € IpKepesnioM CyrnepeyokK y CchiflbHOTi BEraHiB.

[Shams-White et al. (2017)] NOSICHIOIOTb, LLO paHHI AOCHILXKEHHSA
nokasanu, Lo OinbLL BUCOKE CMOXUBaHHA Oinka, ocobnuneo binka
TBaApPMHHOIO NOXOMXKEHHS, 36inbLUye BMBEOEHHS KarnbLito 3 ceyero. Xoya
crno4aTtky BBaXkasnocs, Lo BMBEAEHUI KarbLin NoxoauTb Bif,
AemMiHepanisauii Kictok, gocnigpkeHHa 2000-x pokiB nokasanu, Wwo Len
KanbLuin HAOXOAUTb 3 paLioHY LWASXOM NOCUIEHOrO 3aCBOEHHS. OCKiNbKM
Ginok € OCHOBHMM KOMMOHEHTOM KICTKU, iHLLI aBTOPW NpUNycKanu, Lo
30inbLUeHHsA Binka Moxe AonoMorTy 3anobirti BTpaTi KiCTKOBOI Macu
yepes CTapiHHS.

MeTta-aHani3 20 npocnekTuBHMX obcepBaLiiHNMX AOCHigXeHb i 16
paHAOMI30BaHMX KOHTPONbOBAHUX LOCAIAXKEHb HE BUABUB iICTOTHOIO
3B’AA3Ky MiXK HagXOmKeHHAM Binky 3 pauioHOM i pU3nMKom nepenomis
[Shams-White, 2017]. IcHyOTb gesiki 4okasu Toro, Wo BGinbLua KinbKicTb
Ginka 3ameHLUye BTpaTy KICTKOBOI Macu B NonepekoBomMy Bigaini xpebra
cepen NiTHIX nogen.

HocnigpxeHHsa 6yno niatpumarno Egg Nutrition Center i Dairy Management
Inc., AKi, Ik CTBEPAXKYETLCS, HE Bpanu Xo4HOoI poni B po3pobui, aHanisi,
iHTepnpeTauii Y1 npeacTaBneHHi AaHnx abo pesynesrarTis.

OpaHe pocnigxeHHs y ®paHuii (BknoyeHe B MeTa-aHania Shams-White et
al.) nokasano, Wwo cepea XiHOK, siKi cnoxmearoTb MeHwe 400 Mr Kanbuito
Ha OeHb, CNOXMBaHHA Binka, K1, ik BOHW Npunyctunm, 6yB nepeBaxHo
TBapWHHUM, nigsuLLye pusuk nepenomis [Dargent-Molina, 2008].

Y 3BiTi EPIC-Oxford 3a 2020 pik ans kopuryBaHHs binka
BUKOPUCTOBYBABCHA METOA CTpaTuikauil 3 BUKOPUCTAHHSM KaTeropin
<13%, 13-14,4%, 14,5-15,9%, 16—-18,0% i 218,1% Big 3aransHoi
KanopinHOCTI pauioHy. Y Tabnuui 2 BOHM NOBIAOMASATb NPO PU3UKK
neperioMiB y BeraHiB NOPIBHAHO 3 M’ACOIgaMKn, CKOpUroBsaHi 3a BciMa
napameTpamu, kpim kanbuito Ta 6inka (HR 1,43, Cl 1,20-1,70) i 3a BCcima
3MiHHMMW, BKNtoYatoum B6inok, ane He kanbuin (HR 1,39, Cl 1,16-1,67); Te,
Lo KoediuieHT pn3nky HR 3HM3uBCS, CBIgUUTL NPO Te, WO HU3bKe
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Given that the protein adjustment was based on the percentage of
calories and that vegans in EPIC-Oxford have a significantly lower
average caloric intake than meat-eaters, the protein adjustment might not
have captured a higher rate of fracture among those with much lower
absolute protein intakes. However, in Table 4, all participants with dietary
protein intakes above .75 g/kg of body weight were compared and vegans
still had a higher rate of fracture (HR 1.52, Cl 1.24-1.87).

Based on this evidence, it's unlikely that lower protein intake played a
significant role in the higher fracture rate of vegans in EPIC-Oxford.

Vitamin B12

Vitamin B12 isn’t normally thought of as a nutrient associated with bone
health, but there’s evidence that it's related.

[Goerss et al. (1992)] found that people with pernicious anemia (an
inability to absorb vitamin B12) had a higher rate of bone fracture. In
contrast, in their systematic review of studies measuring associations
between poor vitamin B12 status and bone fractures, [Macédo et al
(2017)] found an increased risk in only 3 of 17 studies. It's possible that a
study of people with pernicious anemia could be more applicable to
vegans as individuals in both groups might go extended periods without a
source of B12.

Two cross-sectional studies, one from Slovakia on female
lacto-ovo-vegetarians [Krivosikova, 2009] and one from Germany on
male lacto-ovo-vegetarians and vegans [Herrmann, 2009], found
associations between poor B12 status and markers of bone health.
Although | would consider the associations fairly weak (see Vitamin B12

CNOXMBaHHSA B6ifika MOrno mMaTu HEBENWKMIA BNAUB Ha 30iNbLUEHHS YacToTK
neperioMiB cepep BeraHis.

3 ornagy Ha Te, Wo KopuryBaHHs woao binka 6asysanocs Ha
BiZJCOTKOBOMY CNiBBiAHOLLEHHI Kanopin i wo BeraHn B EPIC-Oxford matoTb
3HAYHO HWXYE cepefiHE CNOXMBAHHS Kanopin, HiXX BCeIgHI noau,
KOpuUryBaHHs1 3a BifikoM MOrmo He 3adpikcyBaTu BULLMIA piBEHb Nepenomis
cepeq TUX, XTo Mae HabaraTo Hux4Ye abContoTHE CNOXMBaHHS Binky.
OpHak y Tabnuui 4 aBTOpM NOPIBHIOBANN BCiX Y4aCHUKIB, siki Manm
cnoxusaHHsa 6inky B pauioHi noHag 0,75 r/kr macw Tina, i BeraHn Bce ogHoO
Manu Buwmin piseHb nepenomie (HR 1,52, ClI 1,24-1,87).

Buxoasaum 3 unx gokasis, ManonMoBIPHO, O HU3bKE CoXMBaHHs Binka
BiZlirpano 3Ha4yHy ponb y BULLiM YacTOTi NepenomMiB y BeraHis y
EPIC-Oxford.

Bitamin B12

BitamiH B12 3a3Bnyai He BBaXKaeTbCA NOXMBHOK PEYOBUHOLO,
NOB’A3aHOI0 3i 340POB’SIM KICTOK, ane € 4okasn TOro, Lo BiH Mae BMNuB.

[Goerss et al. (1992)] BusiBunK, WO NOAN 3 NEPHILIO3HOK aHEMIELD
(HesgaTHicTIO 3acBotoBaTK BiTamiH B12) matoTb GinbLumnii piBeHb
nepenomis KicToKk. HaBnaku, y CBOEMY cuctemMaTU4HOMY ornsagi
A0ChigXeHb, LLIO BUMIPIOKOTb 3B’130K MidK HU3bKMM BMICTOM BiTaMiHy B12 i
nepernomMamu Kictok, [Macédo et al (2017)] susasunu niaBuLeHNn pU3KK
nuuwe B 3 i3 17 gocnigkeHnb. Llinkom MoXnneo, Wo AOCNIIKEHHS Nogen 3
NEePHILIO3HO aHeMIeD MoXe ByTu Binbll JOPEYHUM ANs BEraHiB,
OCKiNbKW ntogm B 060X rpynax AocnigkeHHa manu 6 TpuBanuin 4yac
obxoguTtucs 6e3 pxxepena B12.

[1Ba nepexpecHux gocnigxeHHs, oaHe 3i CnoBayY4nHN 3 y4acCTHO XKiIHOK
nakTto-oBo-BereTapiaHuis [Krivosikova, 2009] i ogHe i3 HimeyuynHu 3a
y4acTIo YONoBIKiB NTakTO-0BO-BereTapiaHuiB i BeraHie [Herrmann, 2009],
BUSBUINN 3B’AI30K MiXK NoraHnm ctatycom B12 i mapkepamu 300poB’s
KicTok. Xo4a 51 6 BBaXaB acoujauii gocutb cnabknumm (ame. Bitamin B12 i
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and Bone Mineral Density), they provide evidence that poor B12 status
might play a role in fracture risk among vegans.

The average B12 levels associated with bone turnover markers in
Herrmann et al. was 141 pmol/l. In EPIC-Oxford, a sub-analysis [Gilsing,
2010] found male vegans to have significantly lower serum B12 levels
(122 pmol/l, n=232) than male meat-eaters (281 pmol/l, n=226) and within
the range associated with poor bone health found by Herrmann et al.
Vitamin B12 status of EPIC-Oxford participants has only been studied
among men.

Despite male vegans in EPIC-Oxford having lower B12 status, the fracture
rates were only significantly elevated among vegan women. This would
suggest that B12 didn’t play a major role in the fracture rates unless vegan
women had even lower B12 status than vegan men.

A baseline report from EPIC-Oxford showed a similar vitamin B12 intake
among vegan men (.41 ug/day) and women (.49 ug/day). While these
intakes are quite a bit lower than the RDA of 2.4 ug, supplements weren’t
included in the assessment [Davey, 2003] and we can’t tell from this info if
B12 status would be expected to be different between male and female
vegans.

One other possibility is that low B12 status impacts bone health for
women more than men. While I’'m not aware of any research, given that
postmenopausal women suffer fractures at higher rates than men, it
doesn’t seem impossible that B12 levels could be more important for
women.

Of course, all vegans should ensure a reliable source of vitamin B12
regardless of its potential impact on bones (see Daily Needs).

Vitamin K2

MiHepasibHa LUINbLHICTb KICTOK), BOHU HaZ4akTb AOKa3n TOro, WO HU3bKUN
crtatyc B12 moxe BigirpaBaTtu ponb Yy pu3unky nepenomis cepep, BeraHis.

CepepgHi piBHi B12, nos’a3aHi 3 mapkepamun metaboniamy KiCTOK y
Herrmann et al. ctaHoBuB 141 nmonb/n. Y EPIC-Oxford cybananis
[Gilsing, 2010] BusBuB, WO Y YOroBiKiB-BeraHis piseHb B12 y cuposarui
KpoBi (122 nmonb/n, n=232) 3Ha4YHO HWKYNIA, HXX Y BCEIAHMUX YOIOBIKIB
(281 nmonb/n, Nn=226), i B Mexax giana3oHy, NOB’si3aHOr0 3 NoraHMm
300pOB’AM KIiCTOK, BUsiBrieHoro Herrmann Ta iH. Ctartyc BitamiHy B12
y4yacHukiB EPIC-Oxford gocnigxysaBca nuwie cepes YoroBikiB.

HesBaxkatoum Ha Te, Wo Yonosikn-BeraHn B EPIC-Oxford manu HMx4mn
cratyc B12, nokasHukn nepenomis 6ynv 3Ha4yHO BULLMMUK NnLLe cepen
XiHOK-BeraHok. Lle cBigunTb npo Te, wo B12 He Bigirpae Benukol porsi B
YacToTi NepenomiB, SKLLO TiflbKM XiHKM-BEraHN He MaloTb HaBiTb HUXKYOro
cratycy B12, HiXX YOnoBiku-BeraHu.

Basosun 3BiT EPIC-Oxford noka3sas ogHakoBe cnoxmnBaHHs BiTamiHy B12
cepeq vonosikiB-BeraHiB (0,41 mkr/geHsb) i xiHok (0,49 mkr/geHb). Xo4a Ui
HOPMW CNOXMBAHHS TPOXM HMxYi 3a RDA 2,4 mkr, xap4oBi 4o6aBku He
6ynun BkntoYveHi B ouiHky [Davey, 2003], i M1 He MOXXeMO cKasaTu 3 L€l
iHdopmaLii, Ym ovikyeTbCs, Wo ctatyc B12 Gyae BigpisHATMCA MiX
4OSOBIKaMU Ta XiHKaMU-BeraHamu.

LLle ogHa MOXNMBICTb Nonsirae B TOMY, LLO HU3bKWI piBeHb B12 BinbLue
BMSIMBAE Ha 340POB’SA KICTOK XIHOK, HiXXK YOMOBIKiB. Xo4a 9 He 3Hato Npo
XogHe OOoCrigKeHHs, BPaxoBYO4K, LLO XIiHKM B MOCTMeHonayasi
CTpaxaatoTb Big NepenomiB YacTile, HiXX YONoBiKK1, HEe 34aETbCs
HEMOXINUBUM, LLO piBeHb B12 Moxe ByTun BinbLl BaXXNMBUM O51 XKIHOK.

3BMYarHO, BCi BEraHn NOBUHHI 3abe3nevnTn HagiviHe Jxepeno BiTaMiHy
B12, He3anexXHo Big NOro NOTEHUINHOIO BNNMBY Ha KiCTKu (auB. LLloaeHHi

notpedn).

Bitamin K2
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Vitamin K comes in two main forms, K1 and K2. Vitamin K1 is found in
plant foods, especially dark leafy greens, and numerous observational
studies have found higher vitamin K1 intakes to be associated with a
reduced risk of fractures [Hao, 2017].

While many animal products contain vitamin K2, the only plant food with
appreciable amounts is the fermented soyfood natto; however, human
intestinal bacteria produce vitamin K2. Vitamin K2 is touted for bone
health, but in clinical trials only pharmacological doses of vitamin K2 have
been used which don’t reflect dietary intakes (see Vitamin K2 and Bone
Health).

An observational study from Norway found no benefit from higher intakes
of vitamin K2 with respect to hip fractures, though the intakes of this
population (middle quartiles ranged from 7.2 to 16.2 yg/day) were lower
than the intakes in a study from the Netherlands (middle quartiles ranged
from 20 to 40 pg/day), possibly explaining a lack of benefit.

At this time, there’s no evidence suggesting that a lack of vitamin K2 in
vegan diets puts them at a risk for bone fractures in comparison to
omnivores with usual dietary intakes.

Iron

There are many physiological mechanisms by which poor iron status
could theoretically increase the risk of fracture, though there has been
little observational research looking for associations. Anemia associated
with thalassemia or the sickle cell trait is also associated with reduced
bone health [Toxqui, 2015], but there isn’t enough data to assess whether
iron status could play a role in fracture rates of vegan women.

BitamiH K npeacrtaeneHui y 4Box OCHOBHUX coopmax, K1 i K2. Bitamin K1
MICTUTBCSI B POCANHHIN Xi, 0COBNMBO B TEMHI NNCTOBIN 3€MeHi, i
YMcneHHi obcepBauiviHi 4OCNioKEHHS NoKasanu, Wwo GinbLu BUCOKe
cnoXueBaHH4A BiTamiHy K1 noB’dA3aHe 3i 3HWXEHUM PU3NKOM Nnepesiomis

[Hao, 2017].

Y Tou yac gk 6arato NpoayKTiB TBAPUHHOIO MOXOPKEHHS MICTATb BiTaMiH
K2, eaNHO0 POCNMHHO XXEtD, sika MICTUTb NOro B 3HAYHIN KiNbKOCTI, €
depMeHTOBaHi coeBi 6061 HAaTTO; ogHaK NOACHKI KULIKOBI BakTepii
BUpobnsatoTh BiTamiH K2. BiTamiH K2 peknamyeTbcs ansa 30opoB’st KiCTOK,
ane B KMiHIYHNX OOCNIOKEHHAX BUKOPUCTOBYBaNUCs nuile
GhapmakonoriyHi 4o3u BiTaMmiHy K2, siki He BigobGpaxkatoTb CNOXMBaHHSA 3
keto (ouB. Bitamin K2 i 310poB's KICTOK).

O6cepBauiiHe gocnigxeHHs, nposeaeHe B Hopeerii, He BUABUITO KOPUCTI
Bif GiNbLIOro cnoxmeaHHA BiTaMiHy K2 4ng MOXNMBOrO 3HMKEHHS
neperiomiB CTerHa, xo4a CrioXXmBaHHs Li€0 nonynsauieto (cepenHi ksaptuni
KonmBalTbCA Bif 7,2 0o 16,2 MKr/geHb) Byno HWXYNM, HiXX CNOXMBaHHSA B
pocnigxkerHi 3 HinepnaHais (cepenHi ksaptuni konueanucs Big 20 go 40
MKr/OeHb), WO, MOXITMBO, MOSICHIOE BiCYTHICTb KOPUCTI.

Hapasi Hemae xogHuX AokasiB Toro, Lo 6pak BiTamiHy K2 y BeraHCbKux
pauioHax nigaae BeraHiB pu3nky nepenomiB KiCTOK Y MOPIBHSAHHI 3i
BCEIAHUMW NOObMWN, SKi CNOXMBAIOTb 3BUYANHY XY.

3aniso

IcHye GaraTo (hi3ionoriyHMx MexaHiamiB, 3a JONOMOIOK AKUX HU3bKUI
piBEHb 3ani3a MOXXe TEOPETUYHO NiABULLUTN PU3MK NEPESIOMIB, Xo4da
obcepBauiiHUX OOCMigKEHb, AKi WyKanu Len 38’a30K, 6yno mano. AHeMis,
noB’si3aHa 3 Tanacemieto abo ceprnonoaibHO-KNITUHHOK 03HAKOK), TAKOX
noB’a3aHa 3 NoripweHHsM 300poB’s KicTok [Toxqui, 2015], ane
HeJoCTaTHLO AaHuX, Wob OUiHNTK, YN MOXKe CTaTyC 3ani3a Bigirpasatu
POnb Yy YaCTOTi MepenoMiB y XXiHOK-BEraHok.
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[Tong et al. (2019)] measured hemoglobin levels in a large number of
people in the United Kingdom, including 398 vegans. While all diet groups
had average hemoglobin levels in the normal range, there was a
nonsignificant trend toward lower hemoglobin among vegan men and
women compared to meat-eaters.

Vegan women had a non-significant trend toward higher hemoglobin
levels than lacto-ovo-vegetarian women, which isn’t a surprise since
vegans in EPIC-Oxford have higher iron intakes than
lacto-ovo-vegetarians [Davey, 2003] [Sobiecki, 2016]. Given that
lacto-ovo-vegetarians had a similar fracture rate to meat-eaters in
EPIC-Oxford (HR 1.07, Cl1 0.97-1.18), it’s unlikely that the higher fracture
rate of vegans is due to poor iron status.

Resistance Training

The most likely way to maintain, and often increase, bone mineral density
(BMD) is by doing strength training or activities that involve jumping. This
will additionally increase body mass index due to increased muscle,
counteracting the potential negative impact low body mass can have on
bones.

Weight-training and bouncing exercises might sound intimidating, but a
home program can be done using a set of dumbbells (where weight can
be changed) and a few square feet of space to step back and forth. An
efficient program can take 30 minutes, three times a week, and someone
can ease into it at a pace that feels energizing rather than exhausting;
there are many home workout plans to get ideas from on YouTube.

Warming up and easing into more weight over time is safest. Older people
or those with injuries or osteoporosis should consult a healthcare
professional to safely ease into a program.

[Tong et al. (2019)] BuMmipsiB piBeHb reMOrnobiHy y BENUKOT KiNbKOCTI
nogen y CnonyvyeHomy KoponicTsi, BKrtodatoun 398 BeraHis. Xo4va
cepeaHin piBeHb remornobiHy B yCix rpynax gietu 0yB y mexax HopMu,
iCHyBana He3HayHa TeHOEeHLUist 40 3HMXKEHHSA remornobiHy cepen YonoBikiB
i X)KIHOK-BEraHiB NopiBHSAHO 3 BCEIgHMMM JIIOABMN.

XKiHKn-BeraHkn Manu HesHavyHy TeHOEeHUi0 A0 NiABULLEHHS PiBHS
remornobiHy, B NOPIBHAHHI 3 XXiHKaMn NakTO-OBO-BeEreTapiaHkamu, Lo He
AVBHO, ockinbku Berann B EPIC-Oxford cnoxwuBatotb Ginblue 3anisa, Hix
nakto-oBo-BereTapiaHui [Davey, 2003] [Sobiecki, 2016]. Bpaxosytouu,
wo B EPIC-Oxford nakto-oBo-BereTtapiaHui Mmanu nogibHy 4yactoty
nepenowmis, wo v sceigHi (HR 1,07, CI 0,97-1,18), To manonmoBipHO, LLO
GinbLU BMCOKA YacToTa NnepesioMiB y BEraHiB NoB’si3aaHa 3 HU3bKUM
cTaTycoMm 3anisa.

Cunosi TpeHyBaHHS

HawmBiporigHiwnn cnoci6 nigTpymyBaTu, a 4acTo 1 NigBuLyBaTh
MiHeparnbHY LWinNbHICTb KicTKOBOIT TKaHWHWM (MLLKT), — ue cunosi
TpeHyBaHHA abo Bnpasw, ski nepenbdayatoTb cTpmbku. Lle gogatkoBo
36inNbWKNTb IHAEKC Macu Tina 3a paxyHoK 30ifbLUEeHHS M’A3iB, NPOTUAIKYM
NOTEHUiIMHOMY HeraTMBHOMY BMMBY HU3bKOI Macu Tina Ha KiCTKW.

BnpaBu 3 06Ts>keHHAMM Ta NigcTpMbyBaHHAM MOXYTb 34aTuCA
ngKkaynmu, ane AOMaLLHIo NporpamMy MOXHa BUKOHYBaTw,
BMKOPUCTOBYHO4YM Habip raHTenen (ae Bary MoXHa 3MiHIOBaTK) i Kinbka
KBagpaTHUX gyTiB NpocTopy, Wob KpokyBaTu Brnepen i Hasagn. EdektneHa
nporpama moxe 3ammatu 30 XBUNKUH, TPU pasn Ha TUXOEHD, | XTOCb MOXe
3aHYpUTUCS B HEI B TEMIi, KN 3apag)Kae eHeprieto, a He BUCHaXYE; Ha
YouTube € 6araTto nnaHiB AOMaLUHIX TPEeHYBaHb, SIKi MOXHa 3HaANTMW.

PosmuHka i noctynoBui nepexig 4o 6inbLioi Barm 3 4acom €
HanbeaneyHiwmm. JliTHiM nogsam abo TMM, XTO Mae TpaBMn Y
0OCTEeOonopo3, Crig NPOKOHCYNbTYBATUCA 3 MEANYHUM MpPaLiBHUKOM, W06
6e3neyHo NpUCTYNUTK 40 NpPorpaMmn TpeHyBaHb.
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Resistance Training among Vegans

[Wakolbinger-Habel et al. (Austria, 2022)] performed a cross-sectional
study on the bone health of four groups of people aged 30 to 50: 20
vegans (9 F, 11 M) and 25 omnivores (8 F, 17 M) who performed
resistance training at least once a week and 23 vegans (13 F, 10 M) and
20 omnivores (15 F, 5 M) who did no resistance training. There was little
difference in bone health between vegans who performed resistance
training and omnivores. Vegans who didn’t perform resistance training had
poorer bone health.

The duration of the vegan diet had no influence on bone
microarchitecture. Vegans performing exclusively aerobic activities (n =
16) and vegans performing no sports activities at all (n = 6) had similar
bone microarchitecture. The differences in bone couldn’t be explained by
any obvious differences in nutrition. The researchers concluded that
resistance training seems to be particularly important to preserve bone
health when adhering to a plant-based diet.

Resistance Training among Omnivores

Many cross-sectional studies have found that strength athletes have
higher BMD, while results are mixed for distance runners [Suominen,
1993].

A 3-year prospective study found that collegiate female basketball,
volleyball, and soccer players, and track sprinters and jumpers, had high
baseline bone density that continued to increase over the course of the
study. In the same study, a similar pattern, though less pronounced, was
found in swimmers, and thought to be due more to their complementary
weight-training program than the swimming [Stanforth, 2016].

Cunosi TpeHyBaHHS cepef BeraHis

[Wakolbinger-Habel et al. (Austria, 2022)] npoBenu nepexpecHe
AOChigXEeHHSA 300pOB’st KICTOK YOTMPbLOX rpyn ntogen sikom Big 30 go 50
pokis: 20 BeraHis (9 2K, 11 M) i 25 BceigHux (8 XK, 17 M), ki BUKOHyBanu
CUNOBI TPEHYBaHHSA NPUHaNMHI pa3 Ha TxaeHb i 23 BeraHis (13 XK, 10 M)
i 20 BceigHux (15 XK, 5 M), siki He BUKOHYBanu CUoBi TPEHYBaHHS.
IcHyBana He3Ha4yHa pi3HULUSA Y CTaHi 300POB’A KICTOK MK BeraHamMu, SKi
3anmarnucs CMnoBnUMM TpeHyBaHHAMM, Ta BceigHuMn. Beranu, siki He
BUKOHYBAsM CUMoOBI TPEHYBAHHSA, Marnu ripLue 340pO0B’SA KiCTOK.

TpuBanicTb BEraHCLKOI Ai€TM HE Marna BNMBY Ha MIKpOApXiTEKTYPY KiCTOK.
BeraHu, siki 3anmanucsa BuknovHo aepobikoto (n = 16), i BeraHu, ski
B3arani He 3armanucs cnopTom (N = 6), Manu CXOXy MiKpoapXiTEKTypy
KicToKk. BigMiHHOCTI B KicTKax He MOXHa NOSACHUTU ABHUMW BigMiHHOCTAMU
B XapyyBaHHi. [JoCniaHWKN OiNLWINN BUCHOBKY, LLO CUIOBI TPEHYBaHHSA €
0Cco6nMBO BaXXNUBUMU A5 30epeeHHS 340POB’S KiCTOK NpY OTPUMAHHI
POCIIMHHOT OiETH.

Cunosi TpeHyBaHHA cepef BCeIgHUX

BaraTto Kpoc-ceKkUinHMX OoCniaKeHb BUSBUIIN, LLIO CMOPTCMEHMU, SKi
3aMMalTbCsa CUNOBUMU TPEHYBaHHAMMU, MatoTb BuLy MLLKT, Toai ak
pesynesratn ons BiryHiB Ha gucTaHuii HeoaHo3HayHi [Suominen, 1993].

TpupidyHe NpocnekTUBHE OOCMiIOXEHHS NoKasano, Wwo
CTyaeHTku-6ackeTbonicTky, Bonenbonictkm ta pyTbonicTkun, a Takox
CMPUHTEPKM Ta CTPUOYHKM Mann BUCOKY 6a30BY LUINbHICTb KICTKOBOT
TKaHWHW, gKa NpogoBXyBana 3poctaTi NPOTAroM AOCHIIKEHHS. Y LibOMY
X JocnigKeHHi noaibHa 3akOHOMIPHICTb, Xo4a 1 MeHLU BupaxkeHa, byna
BMSIBMEHa Yy NNaBsLiB, i BBaXarnocs, Lo Le NoB’sa3aHo binbLue 3 iXHbOo
A00aTKOBOK NpOrpamMoro TPEHYBaHb 3 Baroko, HixXX 3 nraBaHHAM
[Stanforth, 2016].
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A meta-analysis of 15 studies involving multicomponent exercise (often
aerobics plus resistance training) among women approximately 50 to 70
years old found that exercise regimes that combine resistance,
weight-bearing exercise, and impact-aerobic activities can increase or
prevent loss of muscle and skeletal mass [Marin-Cascales, 2018].

Among a small group of postmenopausal women with osteopenia and
osteoporosis, [Linero and Choi (2021)] found that a 12-week,
moderate-to-high intensity weight-training program improved markers of
bone health more than did low-intensity training.

While more research is needed, increasing BMD in the upper body
probably requires upper-body resistance training, and building BMD
generally requires using heavier weight ([Marin-Cascales et al.] suggests
70-80% of someone’s 1-repetition maximum).

Yoga

[Lu et al. (2016)] instructed participants to do 12 minutes daily of lyengar
yoga. Of the 227 compliant participants, 83% had been diagnosed with
osteoporosis or osteopenia (average age at entry was 68.2 years). After 2
years of more than every-other-day yoga, BMD increased in some
locations.

However, many of these participants appeared to be undergoing treatment
for osteoporosis or osteopenia and there was no control group to
determine if such treatment alone would have increased BMD. [Kim et al.
(2015)] studied the impact of 8 months of 1 hour, twice per week of
Ashtanga-based yoga among premenopausal women. They found a
small, positive effect on bone formation markers compared to the control
group, but BMD didn’t increase. While yoga seems promising as a method
for maintaining bone, more research is needed.

MeTa-aHani3 15 gocnigxeHb, SKi BKoYanu 6araTokOMMNOHEHTHi BNpaBu
(4acTo aepobiky nsioC CMNoBi TPEHYBAHHSA) cepen, XKIHOK BIKOM NpubrnmnsHo
Bia 50 go 70 pokiB, BUSIBMB, LLIO PEXMMM BrpaBs, AKi NOEAHYOTb CUMOBI
HaBaHTaXXeHHS, i3nNYHi Bripasu 3 HABaHTaXXEHHSAMU Ta IHTEHCUBHA
aepobika MoXyTb 30iNbLWNTN M'A30BY Ta CKeNneTHy macu abo 3anobirtn
ixHin BTpaTi [Marin-Cascales, 2018].

Cepep, HEBENUKOI rpynun XiHOK Y MOCTMEHOMNay3i 3 OCTEONeEHIe0 Ta
ocTeonopo3om, [Linero and Choi (2021)] sussunun, wo 12-tmxxkHesa
nporpamMa TpeHyBaHb 3 Baroko cepeaHbol Ta BUCOKOI IHTEHCUBHOCTI
noKpaLumna MapKkepu 3gopoB’st KICTOK BinblLue, HiXX TpeHYBaHHSA HU3bKOI
iHTEHCMBHOCTI.

Xo4ya HeobxigHi aoaaTkoBi gocnigaxeHHs, 36inbweHHa MUWKT y BepxHin
YacTuWHI Tina, NMOBIPHO, NOTPebye CMNOBUX TPEHYBAHb BEPXHBbOI YaCTUHN
Tina, a ansa HapowysaHHa MLUKT 3a3suyan noTpibHO BMKOPMUCTOBYBATU
Bce Ginbuwy Bary ([Marin-Cascales et al.] nepegbayae 70-80% Big
YMNOroCb MakCUMyMYy Ha 1 NOBTOPEHHS).

WNora

[Lu et al. (2016)] Haka3aB y4acHMKam 3arMmaTucs noroto AneHrapa no 12
XBUNWH WwogHsa. 3 227 y4yacHukiB, SKi Bignosiganun sumoram, y 83% 6ys
AiarHoCToBaHMIM 0CcTeonopo3 abo OCTeoneHisa (CepeaHin BiK Npu BCTyNi
cTaHoBuMB 68,2 poky). lMicna 2 pokiB 3aHATb NOro BinbLue, HiXK KOXEH
AeHb, MLWKT 36inblumnacs B 4esKMX MiCLSIX.

OpHak 6araTto 3 LMx y4acCHWUKIB, K BUSIBUIOCS, MPOXOANSIN NiKyBaHHS
ocTeonopody abo ocTeoneHil, i He Byno KOHTPONbLHOI rpynu, Wob
BU3HAYMTU, YM TiNbKM Take nikysaHHs 36inbwmnnio 6 MLKT. [Kim et al.
(2015)] BuBYanu BnnmB 8 MicALIB 3aHATb allTaHra Norow ABidi Ha
TUXOEHb cepen XiHOK y npeMeHonay3i. BoHn BuaBunu Hesenukumn
NO3UTMBHUI BNSIMB HA MapKepu popMyBaHHSA KiCTOK NOPIBHAHO 3
KOHTpOnbHO rpynoto, ane MLKT He 36inbwunnaca. Xova nora 3gaetbcs
GaraTtoobiusitounMM gk MeToa NiATPUMKN KiCTOK, HeObXiaHi ooaaTKoBi
JOCnigXeHHS.
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Vibration Therapy

Vibration therapy shows promise in preventing and reducing osteoporosis
[de Oliveira, 2023]. Medical News Today says, “Whole-body vibration
therapy (WBVT) may have many health benefits, including strengthening
muscle and bone. This could potentially help people with osteoporosis to

alleviate certain symptoms.” [Veazey. K. March 31, 2022]

If you're at risk of osteoporosis, it might be worth asking your physician
about vibration therapy.

Conclusion

Given the observational nature of EPIC-Oxford, we should keep in mind
that the higher bone fracture rate for vegans could be due to confounding
factors. It's also possible that a suboptimal intake of multiple nutrients,
especially in people with lower body mass index, could be responsible for
the higher fracture rate and that’s why there’s no single, obvious culprit.

Inadequate intake can result from a lack of information about the
importance of some nutrients or from a low caloric intake.

The main nutrients of concern in the EPIC-Oxford cohort are vitamin A,
and zinc, but vegans should pay attention to all nutrients on our Daily
Needs page. Exercise involving weights and jumping is the most reliable
way for otherwise healthy people to increase their bone mineral density; it
also serves as a healthy way to increase body mass index and caloric
intake.

BibpauinHa Tepanid

BibpauinHa Tepanis aemoHcTpye 6aratoobiusatodi pesynsrtatun y
3anobiraHHi Ta 3MeHLLeHHi ocTeonopo3sy [de Oliveira, 2023]. Y BuaaHHi
Medical News Today 3a3HavaeTbca: «BibpayitiHa meparnisi 6Cb020 mina
(WBVT) moxe mamu 6a2amo repeesae 0r151 300p08'si, 8K/IH0OHar0HU
3MIUHEHHS1 M'a3i8 | Kicmok. Lle momeHUuitiHo moxe 0ornomoamu 1t00sIM 3
ocmeornopo3om rioneawumu rnesHi cumnmomu.» [Veazey, K., 31 6epesHs

2022 p.]

AKLWO Yy Bac € pu3nk po3BUTKY OCTEOMNOPO3Y, MOXITMBO, BapTO 3BEPHYTUCS
00 nikaps Woao MOXITMBOCTI 3aCTOCYyBaHHS BibpauiiHol Tepanii.

BucHoBOK

BpaxoBytoun obcepsauiiHnin xapaktep EPIC-Oxford, My noBuHHI
nam’aTaTu, WO BULLIMIA PiBEHb NEPENOMIB KICTOK y BeraHis Moxe 0yTu
CMPUYUHEHNI 3MiLLaHUMKU\CYNYTHIMU dhakTopamu. TakoX MOXITMBO, LLO
cybonTumarbHe CMOXUBaHHSA KiNlbKOX MOXMBHUX PEYOBWUH, OCOBNNBO Y
NoAen 3 HAXYUM iHOEeKCOM Macu Tina, Moxe ByTu NPUYNHOLO BinbLu
BMCOKOI YacTOTU NepenomiB, i TOMy HEMa€e €4MHOIo 04eBUOHOTO
BMHYBaTLA-MPUYMHMN.

HepocTtaTHE CnoXMBaHHA MOXe ByTW pe3ynsTaTtoM BifCyTHOCTI
iHdbopMmaLiT PO BaXIMBICTb AEAKNX NOXUBHUX PEYOBUH ab0 HU3LKOro
CMOXWBAHHS Kanopin.

OCHOBHUMU MOXUBHUMU PEHOBUHAMMU, SIKi BUKINUMKAKOTb 3aHEMNOKOEHHS B
koropTi EPIC-Oxford, € BiTamiH A i UMHK, ane BeraHam cnig 3BepHyTU
yBary Ha BCi MOXWBHi pe40BMHM B Halomy cnuncky LLlogeHHi notpebu.
Bnpasu 3 Baroto Ta ctpmbkamu € HanHagivHilwMM cnocobom ans
300pOBMX Ntoaen 36inblUNTM MiHEPanbHY LWINbHICTb KiCTOK; LI TaKoX
CNYXWTb 300pOBMM CNocobom 36inbLIeHHS iHAeKCy Macu Tina Ta
CMOXWBAHHS Kanopin.
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Appendices

Appendix A: Diet Category Changes in EPIC-Oxford

In EPIC-Oxford, diet categories were assessed both at baseline (between
1993 and 2001) and again in 2010. A large number of people changed
their diet with regard to the lacto-ovo-vegetarian and vegan categories,
much of which was switching between the two (see spreadsheet). This
shouldn’t have impacted the results unless there’s reason to believe
someone became vegan shortly before suffering a fracture, which we
currently have no reason to believe.

Appendix B: NSP and AOAC Fiber

EPIC-Oxford measured fiber as non-starch polysaccharides (NSP) and
found vegan intake to average 28.9 g/day [Sobiecki, 2016]. In contrast,
the Adventist Health Study-2 found vegan intake to average 46.7 g/day
[Rizzo, 2013]. The Adventist Health Study-2 used the Nutrition Data
System for Research (NDSR) 2008 database for measuring fiber in foods,
which as of 2020 listed total dietary fiber as including unavailable
carbohydrates (cellulose, hemicellulose, pectins, gums, and mucilages)
and lignin [NDSR, 2020].

The NDSR defines fiber similarly to the Association of Official Analytical
Chemists (AOAC), the definition normally used in the United States, and
includes cellulose, hemicellulose, lignin, gums, modified cellulose,
mucilages, oligosaccharides, pectins, and associated minor substances
such as waxes, cutin, and suberin [DeVries, 1999].

[lonaTtku

Hopatok A: 3miHn kateropii gietn B EPIC-Oxford

Y EPIC-Oxford kaTteropii giet ouiHoBanu sik Ha No4aTkoBoMy etani (Mix
1993 1ta 2001 pokamn), Tak i nosTopHO B 2010 poui. Benuka KinbkicTb
niogen amiHMna CBiv pauioH 3 ornaay Ha NnakTo-0BO-BereTapiaHCbKy Ta
BEraHCbKy Kateropii, 6inbLUiCTb 3 AKX Nepexoannn Mk HUMKM (auBITbCA
eNeKkTpoHHy Tabnuuto). Lle He mano BNAMHYTU Ha pe3ynbTaTu, SKLWO
Hemae nigctasB BBaXaTw, LLO XTOCb CTaB BEraHOM He3aJoBro 4o
nepenomy, ane 3apas Tak BBaXxaTu Yy Hac AiINCHO HeMae NiacTas.

[opartok B: HekpoxmarnbHi nonicaxapuau i KnitTkoBMHa 3a
metogom AOAC

EPIC-Oxford BumMipsiB KniTKOBUHY SIK HEKpoxmanbHi nonicaxapmuan (NSP) i
BUSABMB, LLO BEraHN CNoXmnBatoTh 1 B cepeaHbomy 28,9 r/aeHb [Sobiecki,
2016]. Hasnakun, Adventist Health Study-2 nokasano, Lo BeraHu
CNOXMBAOTb KNITKOBUHK Y cepeaHboMy 46,7 r/aeHb [Rizzo, 2013].
Adventist Health Study-2 BukopucTtoByBana 6a3y gaHux Nutrition Data
System for Research (NDSR) 2008 ans BuMiptoBaHHS BMICTY KNiTKOBUHU
B XapyoBUMX NPOAYKTaX, Y Akin ctaHoM Ha 2020 pik 3aranbHa KifbKiCTb
XapyoBMX BOMOKOH BKMNtoYana HeqoCTynHi Byrnesoam (Lentonoasy,
remiuentonoay, NnekTuHu, kameni tTa cnus) i nirdiH. [NDSR, 2020].

NDSR Bu3Hauae kniTkoBuHY noaibHo Ao Bu3HaveHHst Acouiauii odilinHmx
ximikiB-aHanitukis (AOAC), BU3Ha4YeHHS, sike 3a3BMYan BUKOPUCTOBYETLCS
B Cnony4deHux LLTaTax, Lo BKAYaE LENonosy, remilentonoay, nirHiH,
Kamegi, MoanikoBaHy LIennoay, Cnuaun, onirocaxapngu, NekTuHu Ta
NoB’A3aHi HE3HaYHI PEYOBUHN, TaKi SIK BiCK, KyTUH i cybepuH [DeVries

1999].
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The [Institute of Food Science & Technology (2007)] compared the
fiber content of 8 foods using both the NSP and the AOAC methods; the
AOAC method measured 26% more fiber than the NSP method. The UK
Women’s Cohort Study compared the fiber content of different diets using
both the NSP and the AOAC methods; the AOAC method measured 53%
higher than the NSP method [Threapleton, 2013]. Using the AOAC
method in EPIC-Oxford would, therefore, show average vegan fiber intake
to be closer to 36.4 to 44.3 g/day.

See the Fiber spreadsheet in the Vegan Fracture Studies for the
calculations.

Appendix C: Censoring Due to Death

The EPIC-Oxford fracture results weren’t adjusted for censoring due to
death [Tong. 2020]. If meat-eaters died at a higher rate, or at a younger
age than vegans, this could inflate the risk of fracture for vegans due to
having more time in old age to fracture a bone.

A previous report from the Oxford Vegetarian Study and EPIC-Oxford
[Appleby, 2016] found a similar rate of death among vegetarians
(including vegans) compared to meat-eaters (HR 1.02, Cl 0.94-1.10);
separating vegans provided a similar result (HR 1.14, Cl 0.97-1.35). After
excluding participants who changed diet categories during follow-up,
vegetarians had a lower risk of death (HR 0.92, CI 0.84, 0.99).

Dr. Tammy Tong of EPIC-Oxford doesn’t think death due to censorship
could have impacted the results because there was little difference in
mortality across the diet groups and also because most people in the
study were still alive.

HocnigHukn B [Institute of Food Science & Technology (2007)]
NOPIBHANM BMICT KMITKOBMHU Yy 8 NpoayKTax XxapyyBaHHA 3a 4ONOMOrow
meToaiB NSP i AOAC; metog AOAC BuMIpsiB Ha 26% GinblLue KNiTKOBUHM,
Hi>xX meToa NSP. KoropTHe gocnigkeHHs xXiHok BennkobpuTaHii
NopiBHIOBAIO BMICT KNITKOBUHWU B Pi3HUX Ai€Tax 3a 4OMNOMOroo MeToaiB
NSP i AOAC; metog AOAC nokasyBaB pe3ynsrat Ha 53% bBinbLue, Hix
meTtog NSP [Threapleton, 2013]. Taknm YMHOM, BUKOPUCTAHHA METOLY
AOAC B EPIC-Oxford nokasano 6, Wo cepegHe CNOXUBaHHSA KITITKOBUHU Y
BeraHiB 6yno 6 6nwk4ye oo 36,4-44,3 r/neHs.

[nB. po3paxyHkn B EnekTpoHHa 1abnuus 3 4aHUMK PO KIIITKOBUHY Y
Vegan Fracture Studies.

HopaTtok C: “LleH3ypa yepes cmepTb’

Pesynbratu wopo nepenomis B EPIC-Oxford He 6ynu ckopuroBaHi 3
ypaxyBaHHsM eqpekTy “LeH3ypu yepes cmepTs’ [Tong, 2020]. Axk6u
BCeigHi Ntoan noMmmpanu vacTtiwe abo B GinblL MONOAOMY Bili, HiXX BEraHu,
ue Mmorno 6 NiaBuLLNTN PU3KK NepesiomiB AN BeraHiB yepes Te, Lo BOHU
Manu BinbLue Yacy Ans MOXIMBOrO NepenioMy KicTok y BinbLu NiTHboMy
BiLLi.

MonepeaHin 3BiT OkchopacbKkoro BereTapiaHcbkoro gocnigxeHHsa (Oxford
Vegetarian Study) Ta EPIC-Oxford [Appleby, 2016] sBuasunu nogibHun
piBEHb CMEPTHOCTI cepep BeretapiaHuiB (BKIO4aK4n BeraHiB) NopiBHSAHO
3 BceigHumun nogbmu (HR 1,02, Cl 0,94-1,10); BigQineHHA BeraHiB OKpemMo
paano noaibHun pesynerat (HR 1,14, Cl 0,97-1,35). Micnga BUKNIOYEHHS
YYaCHWUKIB, SIKi 3BMIHWUMKN KaTeropito AieTn nig Yac CnoCTEPEXEHHS,
BereTapiaHui manu meHwwnin puauk cmepti (HR 0,92, Cl1 0,84-0,99).

HokTtop Temmi ToHr 3 EPIC-Oxford He BBaxae, WO edeKT ueH3ypu yepes
CMepTb MiIr BNSIMHYTU Ha pe3ynbTraTh, OCKINbKU Pi3HMLUSA B CMEPTHOCTI MiXK
rpynamu gietn yna He3Ha4yHO, a TaKoX TOMY, L0 BiNbLUICTb yYaCHUKIB
AOCTiAKEHHA Bynun e XuBI.
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Appendix D: Fracture Rates in the U.K. Compared to
EPIC-Oxford

[Curtis et al. (2016)] published fracture rates among a representative
sample of the population in the United Kingdom. It appears that they
measured the total fracture rates differently than did EPIC-Oxford and so
my comparison is limited to specific sites that were calculated similarly
(see table below).

Curtis et al. provides separate fracture rates for ages 18 to 49 and ages
50 and older, whereas EPIC-Oxford provides rates for all ages combined.
| used a crude method to weigh Curtis et al.’s rates more toward the ages
of EPIC-Oxford (see table below).

The rates for meat-eaters in EPIC-Oxford were similar to the overall rates
in the U.K. Vegans fared much better for arm and wrist fractures
combined, fared slightly better for ankle fractures, but fared much worse
for hip fractures. See this spreadsheet for the calculations.

United Kingdom EPIC-Oxford
Rate per 10,000 person-years 18-49 yrs 50+ yrs Weighted | Meat-Eaters | Vegans
Hip 0.5 19.6 9.2 1.5 26.5
All Arm/Wrist 36.1 52.8 42.8 47.5 23.6
Arm 6.7 10.4
Wrist 10.7 13.2
Humerus 5.3 15.2
Radius and Ulna 101 251
Carpus 20.7 12.5
Ankle 7.5 10.4 8.6 6.3 6.5
Age of vegans at baseline 38.9 (SD 13.6)

Hopatok D: YactoTta nepenomis y BennkobputaHii
nopisHsiHO 3 EPIC-Oxford

[Curtis et al. (2016)] onybnikyBaB YacToTy nepenomiB cepep
penpeseHTaTMBHOI BUBipKM HaceneHHss CnonydeHoro KoponiscTaa.

Cxoxe, L0 BOHM BMMIpOBanu 3aranibHy 4acToTy NepenoMiB iHakKLe, HixX
EPIC-Oxford, ToMy MO€ NOPIBHSAHHA OBMEXYETHCA KOHKPETHUMMN
AinsiHkamu, siki 6yny po3paxoBaHi aHanorivyHo (anB. Tabnuuto HkYe).

KepTic Ta iH. Hagae oKpeMi NoKasHWKK rneperiomiB Ans BiKOBOI KaTeropil
Big 18 oo 49 pokis i 50 pokiB i cTapue, Togi sk EPIC-Oxford Hagae
NMOKa3HWKN ONs BCiX BIKOBMX rpyn pas3oMm. A BUKOPUCTOBYBaB rpyoui
meTtoa, Wwob 3BaxuTn nokasHukn Keprica Ta iH. 6inbLue Jo Biky
EPIC-Oxford (amB. Tabnuuto Hmx4Ye).

MokasHukn ansa BceigHux nogen y EPIC-Oxford 6ynn noaibri go
3aranbHuX NokasHukiB y BennkobpuTaHii. BeraHn manun Habarato kpalui
pes3ynbTaTi WOAO NepenoMiB pykM Ta 3anm’sacTka pa3om, TPOXU Kpalle —
LLIOOO NEPENoOMIB LLIMKOSOTKM, ane 3Ha4Ho ripLui — Woao nepenomis

cterHa. [lue. po3paxyHku B ENEKTPOHHIV TabnuLli.

0O6'epHaHe KoponiBcTBO EPIC-Okcdopn
Pusuk Ha 10 000 ntogunHo-pokiB | 18-49 poki 50+ pokiB 3BaxkeHe 3HayeHHs | BceigHi | Berann
CrerHo 0,5 19.6 9.2 11.5 26.5
Yci pyku/3an'scta 36.1 52.8 42.8 47.5 23.6
Pyka 6.7 10.4
3an'acta 10.7 13.2
[MneyoB.a kicTka 5.3 15.2
[MpomeHeBa Ta NiKTbOBa KiCTKM 10.1 25.1
3anscTbs 20.7 125
LLinkonoTka 7.5 10.4 8.6 6.3 6.5
[NoyaTKoBWI Bik BEraHis 38,9 (cTaHa.
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Age range for 95% vegans at baseline 11.7-66.1
Age range for 95% vegans at follow-up 29.3-83.7
Lower age bound at midpoint of study 20.5
Upper age bound at midpoint of study 74.9

UK rates taken from Table 1 and 2 in Curtis et al. EPIC-Oxford censored people in the "total fractures"
category after their first fracture, whereas Curtis et al. included subsequent fractures in the "any fracture"
category if the subsequent fractures happened at different sites (hip, radius, etc.).

Appendix E: Calcium and Vitamin D Supplements in Elderly
Women with Low Vitamin D Levels

An exception to [Bolland et al.’s] finding that calcium supplements don’t
prevent fractures is among women age 70 and older with low calcium
intakes and poor vitamin D status.

In a large clinical trial of older women (n= 3,270, average age=84 years)
with low vitamin D levels, those who took 1,200 mg of calcium and 800 U
(20 pg) of vitamin D per day had significantly fewer fractures and
increased bone mineral density over 18 months [Chapuy, 1992]; they also
had fewer fractures over a subsequent 18 months [Chapuy, 1994].

The Institute of Medicine (IOM) considers 12 ng/ml to be an adequate
vitamin D level for bone health. The baseline vitamin D levels in Chapuy et
al. were 16x11 ng/ml; the standard deviation of 11 ng/ml indicates that
many women were well below the IOM’s recommended threshold.
Furthermore, [Bolland et al.] say that a modern vitamin D assay would
show their average vitamin D level to be 10.6 ng/ml. Calcium intake at
baseline was also low at an average of 511 mg/day.

BiaxuneHHs 13,6)

BikoBui giana3oH ans 95% BeraxiB Ha

. 11,7-66,1
no4aTKoBOMY PiBHi
BikoBuii gianasoH ans 95% Beranie nig yac
A A ° A 29,3837
NOAANbLLOrO CMOCTEPEXEHHS
HwxHs BikOoBa Mexa B cepeanHi A0CNiaAXeHHS 20.5
BepxHs BikoBa mMexa B cepeaunHi 4OCNIAXEHHS 74.9

Pusnkn y Benukobputanii B3aTi 3 Tabnuupe 112 y Curtis et al. EPIC-Oxford ueH3ypysas niogen y kateropii
«BCi nepenomu» nicns iXxHbOro NepLUoro nepenomy, Togi sk Curtis et al. BkNo4MB HAaCTyMNHiI nepenomu B
KaTeropito «byab-skuii nepenomy, sIKLLO HACTYMHI NepenoMmn ctanucs B iHWKNX Micusx (CTErHo, npoMeHeBa
KicTka TOLLO).

Hopatok E: [lo6aBkn kanbuito Ta BiTaMiHy D y XiHOK
MOXMINOro BiKY 3 HU3bKUM piBHEM BiTaMiHy D

Bigomum BuHATKOM 3 BUCHOBKY [Bolland et al.] npo Te, wo gob6asku
KanbLito He 3anobiraloTb nepeniomam, € KaTeropist >iHoK Bikom 70 pOKiB i
cTapLue 3 HU3bKMUM CMOXMBAHHSAM KasibLito Ta HU3bKMM CTaTyCOM BiTaMiHy
D.

Y BenuKoMy KniHiMHOMY AOCHIgXKEHHI NiTHIX XiHOK (n = 3270, cepeaHin BiK
= 84 pokun) 3 HU3bKUM piBHEM BiTamiHy D Ti, xT0 npunma 1200 Mr KanbLito
Ta 800 MO (20 mkr) BiTamiHy D Ha geHb, Manun 3Ha4HO MeHLUe Nepenomis i
30iNbWKNKN MiHEepanbHY LWiNbHICTb KICTKOBOI TKaHWHW NpoTsroM 18 micauis
[Chapuy. 1992]; y HMX TakoX Byno MeHLwe nepenomis NPOTArom
HacTynHux 18 micsauis [Chapuy, 1994].

[HcTuTyT Megmumum CLUA (IOM) BBaxkae 12 Hr/mn gocTtaTHiM piBHEM
BiTamiHy D anga 3popos’s kicTok. basosi piBHi BiTamiHy D y Chapuy et al.
ctaHoBuNKn 16111 Hr/mMn; cTaHgapTHE BiaXUNeHHs 11 Hr/mn Bkasye Ha Te,
o 6araTo XiHOK Manu piBHi BiTaMiHy D 3Ha4YHO HWXYi 32 pekoMeHAOBaHe
IOM noporose 3Ha4yeHHs. Kpim Toro, [Bolland et al.] 3assunu, wo
cydacHui aHanis BitamiHy D nokasas 61 ans TMX caMmx y4acHUKIB
AocnigXeHHa cepeaHin piseHb BiTamiHy D 10,6 Hr/mn. MNMoyaTkoBe
CMOXMBAHHSA KanbLito TakoX 6yrio HN3bKMM i CTAHOBUIO B CEPEAHBOMY
511 mr/geHb.
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A smaller, more recent study found similar results [Chapuy, 2002].

Bolland et al. say, “On the basis of the trial data summarized here, we do
not think further randomized controlled trials of calcium supplements with
or without vitamin D with fracture as the endpoint in the general population
are needed. In the population of frail elderly women with low dietary
calcium intake and low vitamin D concentrations studied by Chapuy and
colleagues, co-administered [calcium plus vitamin D] was clearly
beneficial.”

Talk to your doctor about whether you might benefit from a calcium and
vitamin D supplement.
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Vitamin A Intakes and Status among Different Diet Groups

Meat-Eaters
Australia (Li, 2000)
Number 78
Intakes (RAE)
Blood retinol (umol/l) 3.1
Switzerland (Schiipbach, 2017)
Number 100
Intakes (RAE)
Blood retinol (umol/l) 1.9
Germany (Weikert, 2020)
Number 36
Intakes (RAE)
Blood retinol (umol/l) 2.1
Germany (Manzel, 2021)
Number 36
Blood retinol (umol/l) 2.1

Germany (Dawczynski, 2022)

Number 65
Intakes (RAE) 1,614
Blood retinol (umol/l) 1.6

EPIC-Oxford (Sobiecki, 2016)
Male

Number

Intakes (RAE)

Female

Number

Lacto-Ovo

43

2.8

53

1.6

65
1,513

1.7

Vegan

18
1,049

2.7

53
739

1.6

36
1,390

1.8

36

1.8

58

1,742

1.4

269

432

534

Reference

.92-2.76

1.46-2.84

1.46-2.85



Intakes (RAE) 451

Zinc Status among Diet Groups in Europe

Meat-Eaters Lacto-Ovo Vegan Reference
Switzerland (Schiipbach, 2017)
Number 100 53 53
Intakes (mg) 11.2 10.2 11.5
Blood zinc (pg/dl) 85.0 78.0 72.0 70-130
Germany (Weikert, 2020)
Number 36 36
Intakes (mg) 11 12
Blood zinc (pg/dl) 87.0 80.0 60-120
EPIC-Oxford (Sobiecki, 2016)
Male
Number 3,798 1,516 269
Intakes (mg) 10.9 10.9 9.4
Female
Number 14,446 5,157 534
Intakes (mg) 10.4 10.0 8.4
Selenium Intakes in EPIC-Oxford

Meat-Eaters Fish-Eaters Lacto-Ovo Vegan
Males
Number 3,798 782 1,516 269
Food only

Selenium intake (ug/day) 69 72 55

62



Intake below U.S. EAR of 45 ug/day
Selenium supplement

Females

Number

Selenium intake (pg/day)

Intake below U.S. EAR of 45 pg/day

Selenium supplement

Source: Sobiecki, 2016.

12%

5%

14,446
66
14%

5%

Selenium supplements didn't include multivitamins.

12%

6%

3,749
64
20%

5%

43%

4%

5,157
45
60%

4%

33%

7%

534

52

49%

5%

EPIC-Oxford

Rate per 10,000

United Kingdom

person-years 18-49 yrs
Hip 05
All Arm/Wrist 36.1
Arm

Wrist

Humerus 53
Radius and Ulna 101
Carpus 207
Ankle 75

Age of vegans at baseline

Age range for 95% vegans at baseline

Age range for 95% vegans at follow-up

50+ yrs

19.6

52.8

15.2

251

12.5

10.4

38.9 (SD 13.6)

11.7-66.1

29.3-83.7

Weighted Meat-Eaters

9.2

42.8

8.6

1.5

47.5

6.7

10.7

6.3

Vegans

26.5
23.6
10.4

13.2

6.5



Lower age bound at midpoint of study 20.5

Upper age bound at midpoint of study 74.9

UK rates taken from Table 1 and 2 in Curtis et al. EPIC-Oxford censored people in the "total
fractures" category after their first fracture, whereas Curtis et al. included subsequent fractures
in the "any fracture" category if the subsequent fractures happened at different sites (hip,
radius, etc.).



	Bone Fractures among U.K. Vegans: Implications and Recommendations 
	Table of Contents 
	Summary 
	Introduction 
	Miscellaneous Concerns 
	Limitations of Observational Research 
	Fracture Rates in Context 
	Body Mass Index and Caloric Intake 
	β-carotene and Vitamin A 
	Zinc 
	Selenium 
	Iodine 
	Vitamin D 
	Calcium 
	Protein 
	Vitamin B12 
	Vitamin K2 
	Iron 
	Resistance Training 
	Resistance Training among Vegans 
	Resistance Training among Omnivores 
	Yoga 
	Vibration Therapy 

	Conclusion 
	Appendices 
	Appendix A: Diet Category Changes in EPIC-Oxford 
	Appendix B: NSP and AOAC Fiber 
	Appendix C: Censoring Due to Death 
	Appendix D: Fracture Rates in the U.K. Compared to EPIC-Oxford 
	Appendix E: Calcium and Vitamin D Supplements in Elderly Women with Low Vitamin D Levels 

	Bibliography 

	Переломи кісток серед веганів Великобританії: наслідки та рекомендації 
	Зміст 
	Резюме 
	Вступ 
	Різні проблеми 
	Обмеження обсерваційних досліджень 
	Частота переломів у контексті 
	Індекс маси тіла та споживання калорій 
	β-каротин і вітамін А 
	Цинк 
	Селен 
	Йод 
	Вітамін D 
	Кальцій 
	Білок 
	Вітамін B12 
	Вітамін К2 
	Залізо 
	Силові тренування 
	Силові тренування серед веганів 
	Силові тренування серед всеїдних 
	Йога 
	Вібраційна терапія 

	Висновок 
	Додатки 
	Додаток A: Зміни категорії дієти в EPIC-Oxford 
	Додаток B: Некрохмальні полісахариди і клітковина за методом AOAC 
	Додаток C: “Цензура через смерть” 
	Додаток D: Частота переломів у Великобританії порівняно з EPIC-Oxford 
	Додаток E: Добавки кальцію та вітаміну D у жінок похилого віку з низьким рівнем вітаміну D 

	Бібліографія 


