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What We Know, Think We Know, or Are Starting to Know
As the wider nutrition conversation now firmly encompasses environmental, and indeed 
ethical, impacts of dietary choice, there is the potential for habitual diets in the population to 
shift substantially in food sources of nutrition. While vegetarian diets may have lower intakes 
of certain nutrients, this is dependent on the specific definition of vegetarian [‘lacto’, ‘lacto-
ovo’, ‘pesco’, etc.] (1). Vegan diets, exclusive of all foods of animal origin, may have additional 
considerations, and dietary protein, calcium, vitamin D, marine omega-3 fatty acids, vitamin 
B12 and B6, may - depending on the construct of the diet - be low or excluded entirely.

One of the limitations from a public health perspective is that we lack clear data on the 
potential long-term effects of vegan dietary patterns, which may be low in certain nutrients of 
interest, over time. To date, the available analyses comprise relatively small numbers of vegan 
participants within the large-scale vegetarian cohorts, namely the Adventist Health Study 2 and 
the Oxford site of the European Prospective Investigation into Cancer cohort [EPIC-Oxford]. In 
EPIC-Oxford, a publication from 2007 and another paper last year found, respectively, a 30% 
and 43% risk of overall fractures in vegan participants (2,3).

The primary nutrients of concern with regard to bone health are calcium and vitamin D3, with 
additional considerations for vitamin K, phosphorous, magnesium, and potassium. From the 
perspective of vegan diets, the main focus has been in relation to calcium and vitamin D, 
which are primarily implicated in the increased risk of fractures observed in prior research (4). 
The present study compared the effects of 5 different dietary patterns on risk of fractures in 
the Adventist Health Study 2.
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The Study 

The Adventist Health Study-2 [AHS-2] is a large prospective cohort study that began in 
2002 to investigate the relationship between diet and cancer. The interest in establishing a 
cohort study in Seventh Day Adventists [SDA] stemmed from their health-focused lifestyle 
habits: abstinence from smoking and alcohol, high physical activity levels, and promotion of 
a vegetarian dietary pattern. However, within the SDA community there is a wide variance in 
dietary habits, including lacto-ovo-vegetarians [i.e., consume dairy and eggs], pescetarians  
[i.e., consume fish], semi-vegetarian  [i.e., consume meat infrequently], vegans [i.e., exclude all 
animal produce], and omnivorous diets. 

The initial cohort studies in the SDA community were confined to California; the AHS-
2 expanded this to included the entire United States and Canada. 96,194 participants entered 
the study in 2002; 65.1% female and 34.9% male, and 26.9% Black participants [remainder 
non-Hispanic white participants]. 

Recruitment was conducted through SDA churches over 8 weeks, with churches having 
an enrolment target relative to the size of the congregation. Enrolment required completion 
of the baseline questionnaires, including a food frequency questionnaire [FFQ], which was 
validated in both White and Black subgroups in the cohort, including culture-specific food 
items for the Black SDA group [e.g., plantains, poke, rice and beans]. 

The relevant exposures of interest in the present study were 5 different dietary patterns in men 
and women aged 45yrs and older, and the primary outcome was risk of hip fracture incidence. 
The study investigated whether calcium and vitamin D supplementation modified the risk 
of hip fracture associated with the different dietary patterns. Black participants in the AHS-2 
cohort were excluded due to lower overall incidence of osteoporosis and fracture risk.

The 5 dietary patterns included:

• Vegan [animal produce <1 time per month]

• Lacto-ovo-vegetarian [consume dairy and eggs >1 per month but fish <1 per month]

• Pesco-vegetarian [vegetarian including dairy, eggs, and fish >1 per month]

• Semi-vegetarian [low frequency of fish and meat consumption ~1 time per week or less]

• Non-vegetarian [consume meat and fish >1 time per week]

The effect of the 5 dietary patterns on risk of fractures was analysed using Cox proportional 
hazard models*. The analysis adjusted for non-dietary factors [age, education, physical activity, 
etc.], and dietary factors [calcium, potassium, vitamin D, alcohol, etc.]. A separate analysis was 
conducted for the effects of calcium and/or vitamin D supplementation.



05www.alineanutrition.com

*Geek Box: Cox Regression

In cohort studies, you will commonly see what is known as a “survival analysis”, which is data 
that measure the time from a given starting point to the occurrence of a given specific event. 
For example, you could be interested in the effect of a type of knee surgery on the time to a 
further injury, i.e., the surgery would be the starting time point and a subsequent injury would 
be the event. Survival analyses allow you to look at the probability of ‘survival’ [in this example, 
staying injury-free] past given time points. However, you can also compare two groups for their 
respective survival times. Staying with our knee surgery example, you could compare participants 
who underwent one type of surgery vs. another type, or one type of surgery vs. a non-surgical 
intervention. Two common methods to estimate survival are the Kaplan-Meier method and the 
Cox proportional hazards model, also known as a Cox regression. With Kaplan-Meier analysis, 
both the probability of surviving to a given end time point and the cumulative proportion of 
participants surviving a specific time period within the overall timeframe, are calculated. Staying 
with our knee surgery example, if the total study period was 5yrs, Kaplan-Meier analysis would 
allow you to look at the probability of having further knee surgery at 1yr, 2yrs, 3yrs, etc. The Cox 
proportional hazards model differs to the Kaplan-Meier method, and allows the differences in 
survival times between groups to be tested while including other factors. This is why it is also 
known as ‘Cox regression’, because it is analogous to a multiple regression model where multiple 
variables are entered into the model to see whether the levels of these variables predicts a change 
in the outcome variable. In a Cox regression, the hazard ratios [HR] produced from the analysis 
do not depend on time, i.e., the hazard is ‘proportional’ between the groups being compared 
over time. Therefore, the difference in risk for an outcome is the difference at any given time, not 
a specific time like with the Kaplan-Meier method. The main attractive of Cox regression is that 
additional predictor variables can be included in the model.

Results: The final analysis included 34,542 participants [52.7% women]. Non-vegetarians 
constituted 42% of the study cohort, while lacto-ovo-vegetarians constituted 35% of the 
cohort. Vegans constituted 8.1% of the cohort [n = 2,832]. Mean age for women and men was 
73yrs and 70yrs, respectively.

Vegans had the highest intakes of plant protein, magnesium, and potassium, and the lowest 
intakes of calcium and vitamin D. 32% of vegans were supplementing both calcium and 
vitamin D, compared to 50% in the other dietary groups. Within the vegan group, those not 
supplementing had 11% lower dietary vitamin D intakes. 
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Over an average of 8.4yrs follow-up, 419 hip fractures occurred in women and 260 in men. As 
there were no significant associations found between dietary pattern and hip fracture risk in 
men, which was not modified by calcium/vitamin D supplementation, the findings presented 
here are for women only:

• Effect of Diet: Compared to the reference group of non-vegetarians, vegans had a 55% 
[HR 1.55, 95% CI 1 .06 - 2.26] higher risk of hip fractures.

• Modification by Supplements: 
• No Supplements: Vegans taking no supplements had a 3-fold higher risk of hip 

fracture [HR 2.99, 95% CI 1.54 - 5.82].
• Calcium: There was a non-significant increased fracture risk in vegans taking calcium 

supplements [HR 1.62, 95% CI 0.67 - 3.93].
• Calcium + Vitamin D: There was no association between diet and fracture risk in 

vegans taking both calcium and vitamin D supplements [HR 0.84, 95% CI 0.42 - 1.66].

Graphical illustration of the risk associated with vegan diets in women and risk of hip 
fractures. The coloured bar represents the hazard ratio from the study, while the black 

lines from within the bars represent the 95% confidence intervals. Where the upper limit of 
the confidence interval is off the scale of the Y-axis, an arrowhead points upward. For the 

calcium + vitamin D group, the confidence interval is contained within the graph. 
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The Critical Breakdown
Pros: The AHS-2 cohort is a large cohort with a wide range of dietary habits, and dietary intake. 
The dietary assessment has been well-validated, with a subgroup completing six 24hr recalls 
to calibrate the food frequency questionnaire. The number of vegan participants in this cohort 
is larger than most cohort studies. Importantly, the duration of adherence to the vegan diet in 
AHS-2 is up to 21yrs (5), making it the longest longitudinal data on vegan diets in epidemiology. 
The outcome was clearly defined, and the analyses adjusted for multiple relevant potential 
confounders and effect modifiers. The effects of calcium/vitamin D supplementation were 
analysed separately.

Cons: The primary limitation of the AHS-2, which is a limitation that pervades the vegetarian 
epidemiology, is the relatively poorly defined exposures, i.e., dietary patterns. In this regard, 
the dietary patterns have been characterised by monthly consumption, e.g., a participant is 
considered pesco-vegetarian if they consumed fish a minimum of once per month. But even 
within the same broad characteristic of diet, consuming fish twice per week vs. once per month 
would not be an equivocal definition. Same for the other dietary patterns. Conversely, the non-
vegetarian [‘omnivore’] category was defined by consumed  non-fish meat once per month 
and meat or fish once per week. But if they consumed fish every week and non-fish meat 
once per month, that would arguably be a more pesco-vegetarian diet. These are examples of 
the operational definitions that have been issues for the vegetarian epidemiology. The only 
truly well defined exposure is the vegan diet, which is characterised by total exclusion and 
lacks the same scope for variance. Also, while it is true that people of Black ancestry have 
lower fracture risk, there are also noted sex differences in fracture risk and the analysis still 
included - and separately analysed -  both men and women. In this regard, the justification for 

Key Characteristic
The separate analysis of calcium and vitamin D supplementation as effect modifiers allowed 
for a more insightful finding in relation to both supplements and their potentially protective 
effect on bone health in the context of a vegan diet. The caveat to these findings is the 
relatively low numbers of vegan participants in the supplement categories, which may have 
limited the power to detect more robust associations. Indeed, the confidence intervals for the 
supplement analyses were so wide as to indicate imprecision in the findings. 

Nonetheless, this analysis was instructive. First, it is rare to have effect sizes of over 2.0 in 
nutrition, and in the vegan participants not taking any supplements - who also had the lowest 
dietary vitamin D and magnesium intakes - the risk for hip fractures was exponentially higher 
compared to other dietary groups. Second, the vegan group taking only calcium supplements 
also exhibited an nonsignificant increased risk in the HR [1.62], but the confidence interval 
included 1.0 [0.67 - 3.93] and therefore could indicate no association between calcium 
supplementation alone. Finally, the addition of vitamin D to calcium yielded a more 
definitive lack of association between the vegan diets and hip fracture, which leads us to our         
Interesting Finding...
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Interesting Finding
The lack of association with hip fractures in the vegan diet group supplementing both calcium 
and vitamin D implies that the combination of vitamin D and calcium may be of particular 
importance for bone health outcomes. In a 2005 meta-analysis of RCTs, Bischoff-Ferrari et al. 
examined the effects of vitamin D doses of 400-800IU vitamin D3 alongside doses of 500mg 
to 1,200mg calcium (6). A reduction in fracture risk was noted with 700-800IU, but not 400IU, 
vitamin D3, with or without concurrent calcium supplementation. 

Assessing the role of calcium is more difficult given the concurrent use of calcium at varying 
doses with vitamin D in RCTs. Boonen et al. separated RCTs using vitamin D alone, or vitamin D 
plus calcium, concluding that the reduction in fracture risk was only observed with concurrent 
calcium alongside vitamin D supplementation, even at the higher dose of 800IU vitamin D (7). 
This finding was recently repeated in a meta-analysis which indicated a 16% reduction in hip 
fracture risk with combined calcium + vitamin D supplementation, with calcium dose averaging 
1,000-1,200mg/d and vitamin D of 400-800IU (8). However, this analysis found no effect of 
vitamin D supplementation alone.

What could explain the combination effect? The effects of vitamin D on bone are less related 
to the supplemental dose, and more related to the achieved levels of blood levels of vitamin 
D [25(OH)D] (8). Many interventions finding no effect of vitamin D have failed to raise 25(OH)D 
status to sufficient levels for effects (8). However, the addition of vitamin D supplementation 
enhances calcium absorption (9). Thus, it may be a case that the whole is greater than the sum 
of its parts for calcium + vitamin D, particularly for diets lacking in these nutrients. 

Relevance
Public health nutrition now faces a hurdle where population diets are moving from previously 
more homogenous dietary patterns, to more fragmented dietary choices in specific population 
subgroups. This creates some challenges, because the general public health nutrition heuristic 
is for advice that covers a majority of the population. However, the need to evolve specific 
advice for diets that may result in substantial change to nutrient intakes and food sources 
is recognised, and studies like the present study and other epidemiology in this area are of 
enormous importance to public health policy and practice.

The primary finding is that vegan diets with insufficient calcium and vitamin D increase 
risk for fractures in women, but that this risk is attenuated when a combination of calcium 
+ vitamin D supplements are added to the vegan diet. The study indicates that average 
calcium supplemental dose was 660mg/d, and 550IU vitamin D. Although lower than the 
supplemental dosage ranges in intervention studies, these doses could have been sufficient 
for some protective effect in a population with low dietary intakes. It is important to note 
that it is not possible to distinguish whether the effect more relates to calcium or vitamin D, 
despite what the analysis of calcium-only supplementation implies. Also bear in mind that 
average daily calcium intake in the vegan group was 788mg/d – this is not very low. It may be 
that within a range of low-normal calcium intakes, when modifying factors like vitamin D and 
dietary protein are low it is insufficient to derive significant benefit from calcium uptake.
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The authors do highlight in their discussion the other moderating factor for calcium and 
bone health, i.e., dietary protein, and state that their unpublished data indicated low protein 
intake was also associated with fracture risk in the vegan group. In the EPIC-Oxford cohort, 
dietary protein of >0.75g/d [current public health recommended daily intake] was adjusted 
for in analysis of fracture risk (3). Adjusting for protein, and for protein and calcium, the total 
fracture risk remained significant in the vegan group. Thus, it may be that current thresholds 
for dietary protein also need consideration for protein source. 

Studies like this are important to inform not just individual practice, but for population-wide 
strategies such as food fortification. For dietary calcium and vitamin D in Western countries, 
cows milk dairy have historically been the primary source of calcium and route of fortification 
for vitamin D. While the plant-based ‘milk’ substitutes are improving, as an overall class of 
product they are largely nutritionally bereft. 

The fact that a lower proportion of vegan participants were supplementing with calcium 
and/or vitamin D compared to other groups is cause for concern, perhaps indicating poor 
awareness of the potential need for additional supplementation for bone health in elderly, 
otherwise healthy female vegan community-dwellers. The reality is that there are gaps in the 
current evidence with regard to certain nutrients of interest, and long-term health outcomes, 
that demand some more prudence than filling in the blanks with speculation. 

Application to Practice
It would appear, particularly for people of Caucasian ethnicity currently consuming or 
considering adopting a vegan diet, that a combination calcium/vitamin D supplement is a 
prudent insurance policy for a dietary pattern that otherwise has many health-promoting 
characteristics.
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