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SYNOPSIS: These researchers investigated the use of supplemental vitamin B6, folate, and B12 and the risk of lung cancer in 77,118 
participants in the Vitamins and Lifestyle cohort, finding an increased risk of lung cancer in men, which was exacerbated by smoking. 

SOURCE: Brasky TM, White E, Chen CL. Long-term, supplemental, one carbon metabolism-related vitamin B use in relation to lung 
cancer risk in the Vitamins and Lifestyle (VITAL) cohort. J Clin Oncol 2017;35:3440-3448. 

Lung cancer is the leading cause of cancer 
deaths in both men and women each year 
in the United  States, with an estimated 

234,030 new cases expected to be diagnosed in 
2018.1 Smoking accounts for approximately 80% 
of lung cancer deaths. Lung cancer risk is higher 
in men than women and increases with age.2 The 
results of previous studies investigating the as-
sociation between B vitamin supplementation and 
lung cancer risk have been inconsistent.3,4 In 2009, 
Ebbing et al published a study that demonstrated 
a 21% increased cancer incidence associated 
with the use of vitamin B12 and folate, which 
was driven mostly by increases in lung cancer.3 A 

recent meta-analysis found that B vitamin supple-
mentation was associated with a lower risk of 
melanoma but not overall cancer incidence.5

In this observational study, the authors investigat-
ed the association between B vitamin supplemen-
tation and lung cancer risk in the Vitamins and 
Lifestyle (VITAL) cohort, which included 77,118 
men and women recruited between October 2000 
and December 2002. Participants were considered 
eligible if they were 50-76 years of age at the time 
of recruitment/baseline and lived in a 13-county 
region in Western Washington State covered by 
the Surveillance, Epidemiology and End Results 
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(SEER) registry. All incident cancer di-
agnoses in those 13 counties are report-
ed to the SEER registry, with the excep-
tion of melanoma. Cohort participants 
were followed for incident lung cancer 
from baseline to Dec. 31, 2007, with a 
mean follow-up of six years. A total of 
808 incident cases of lung cancer from 
the VITAL cohort were identified. 

Participants with a prior medical his-
tory of an unknown lung cancer at 
baseline (n = 590), with lung cancer 
diagnosis that was noted only on the 
death certificate with no date of diag-
nosis (n = 8), and with lung lymphoma  
(n = 2) or in situ lung cancer (n = 1) 
were excluded from the study. The 
participants of the VITAL cohort self-
reported their regular intake of multi-
vitamins, individual B vitamin supple-
ments, and mixtures such as B-complex 
over the 10 years before baseline. 

To calculate the 10-year average daily 
doses for vitamin B6, folate, and vi-
tamin B12, the authors summed the 
intakes from each of the multivitamin 
preparations, individual vitamin sourc-
es, and mixtures. Participants were 
categorized into five different groups 
based on their 10-year average daily 
doses for vitamin B6, folate, and  
vitamin B12. The groups included:  
1) no use; 2) the first tertile among us-
ers; 3) more than the first tertile up to 
the amount of the nutrient that would 
be obtained from 10-year daily use of 
a common multivitamin formulation 
(Centrum Silver, Wyeth, Madison NJ); 
and two groups with more than the 
amount of that nutrient that would be 

obtained from 10-year daily use of that 
multivitamin. (See Tables 1 and 2.)

Hazard ratios (HRs) and 95% confi-
dence intervals (CIs) for associations 
between supplemental B vitamins and 
lung cancer risk were calculated with 
multivariable adjusted Cox propor-
tional hazards regression models. The 
study controlled for smoking, age, race, 
education, body mass index, alcohol 
consumption in the past year, history of 
chronic obstructive pulmonary disease, 
a personal history of cancer, number 
of first-degree relatives with a history 
of lung cancer, and use of nonsteroidal 
inflammatory drugs (NSAIDs). Cyclo-
oxygenase-2 (COX-2) has been shown 
to be a factor in the progression of lung 
cancer, which NSAIDs are known to 
inhibit.6 Additional adjustments were 
performed to control for the use of 
combined hormonal therapy and dura-
tion in women.

The authors of this study were inter-
ested in the participants’ use of indi-
vidual B vitamin supplementation and 
whether the participants previously had 
used vitamin B supplements, currently 
were using B vitamin supplements, and 
a 10-year use history, which all were 
calculated from baseline.

To investigate the risk of lung cancer 
and individual vitamin B supplements, 
the authors compared the men who 
previously had used individual vitamin 
B supplements to those in the non-use 
group. The authors found that there 
was an 84% increased risk of lung 
cancer in men who previously had used 

Summary Points
• The one carbon metabolism that uses vitamin B6, vitamin B12, and folate as 

cofactors has been proposed to influence carcinogenesis through DNA methylation 
and DNA synthesis and repair. B vitamin supplements are popular and may 
influence the process of carcinogenesis.

• Men who take individual supplemental vitamins B12 and/or B6 are at increased risk 
of lung cancer, especially if they are smokers. 

• No association was found between vitamin B6 or B12 supplementation and risk of 
lung cancer in women. No association was found between folate supplementation 
and lung cancer in men or women.
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vitamin B6 as an individual supplement compared 
to the nonuse group (multivariable-adjusted HR, 
1.84; 95% CI, 1.01-553.36). There also was a 
two-fold increased risk in men who formerly used 
B12 as an individual supplement compared with 
the nonuse group (HR, 2.42; 95% CI, 1.49-3.95). 

The risk of lung cancer associated with current use 
of B6 and B12 at baseline was weaker (HR, 1.37; 
95% CI, 1.03-1.84; HR, 1.22; 95% CI, 0.91-1.64 
for vitamin B6 and B12, respectively).
 
However, when the authors compared the nonuse 
group to the 10-year average daily use groups, 
they found that men in the highest intake group 
had increased risk of lung cancer for both vitamin 
B6 (> 20 mg/day; HR, 1.82; 95% CI, 1.25-2.65) 
and vitamin B12 (> 55 mcg/day; HR,1.98; 95% 
CI, 1.32-2.97).

Among current male smokers, the increased risk 
of 10-year use of vitamin B6 and B12 was found 
to be even higher. In men who were in the 10-year 
vitamin B6 (> 20 mg/day) group, there was a near 
tripling of lung cancer risk (HR, 2.93; 95% CI, 
1.50-5.72; P trend = 0.04). In the B12 (> 55 mcg/
day) 10-year use group, there was an almost four-
fold increased risk of lung cancer in current male 
smokers (HR, 3.71; 95% CI, 1.77-7.74; P trend 
< 0.01). These increases in the lung cancer risk in 

men with the highest 10-year supplemental B vita-
min use were similar among histological subtypes 
of lung cancer. In addition, the study controlled 
for other confounding variables. 

Although B vitamin supplement intake was higher 
among women than men (P < 0.001), women were 
found to have decreased dietary intake compared 
to men (P < 0.001). Although the total intake of 
B vitamins was lower in women compared to men 
(P < 0.001), participants exceeded the U.S. recom-
mended daily allowance (RDA) for each B vitamin, 
on average. (See Tables 2 and 3.) 

n COMMENTARY
An estimated half of the U.S. population uses one 
or more dietary supplements. It is unclear whether 
B vitamin supplementation is necessary. Most 
Americans have adequate dietary intake of B vita-
mins, especially folate, as it is added to foods. In 
this study, the B6 vitamin daily dose of > 20 mg/
day is greatly increased from the RDA of 1.3 mg/
day in 19- to 50-year-old adult males; however, it 
is lower than the upper intake level of 100 mg/day. 

In addition, the highest daily dose of B12 was 55 
mcg/day contrasted with the RDA of B12, which 
is 2.4 mcg/day. The extremely high intakes in this 
study for both B6 and B12 may have the potential 
to alter DNA synthesis, DNA methylation, and 

Table 1: Multivitamin + Supplement 10-year Average Daily Dose

Tertile Vitamin B6 (mg/day) Folate (mcg/day) Vitamin B12 (mcg/day)

Non-user 1.00 reference 1.00 reference 1.00 reference

1 0.40-1.40 8.60-200.00 0.10-5.00

2 1.41-3.00 200.01-400.00 5.01-25.00

3 3.00-20.00 400.01-600.00 25.01-55.00

4 > 20.00 > 600.00 > 55.00

Table 2: Recommended Daily Allowance of Vitamin B6, Folate, and Vitamin B12

Vitamin B6 Folate Vitamin B12

Adult males (19-70) 19 to 50 years: 1.3 mg/day
51 to > 70 years: 1.7 mg/day

400 mcg/day 2.4 mcg/day

Adult females (19-70) 19 to 50 years: 1.3 mg/day
51 to > 70 years: 1.5 mg/day

400 mcg/day 2.4 mcg/day

Upper intake levels for 
all adults

100 mg/day 1,000 mcg/day Not determined

Adapted from: National Institutes of Health. Office of Dietary Supplements. Nutrient Recommendations: Dietary Reference Intakes (DRI). 
Available at: https://ods.od.nih.gov/Health_Information/Dietary_Reference_Intakes.aspx. Accessed Feb. 5, 2018.
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repair, especially in precancerous and cancerous 
cells.

This study does not prove that B vitamins cause 
cancer, only that there is an association between 
high vitamin intake of B6 and B12 and increased 
lung cancer in men. The authors hypothesized that 
the finding that supplemental vitamin B6 and B12 
increased the risk of lung cancer in men but not 
women may be a result of the effect of male hor-
mones on the one carbon metabolism. Androgens 
such as testosterone bind to androgen receptors, 
which are known to alter one carbon metabolism 
and which may explain the increased risk of lung 
cancer in men taking B6 and B12 supplements. 
Smoking is a known risk factor for lung cancer, 
and combined with altered one carbon metabolism 
may explain the further increased risk. 

The strengths of this study are the large number 
of participants in the VITAL cohort, the number 
of cases of incident lung cancer, and the baseline 
data collection. These characteristics help enforce 
the results because observational studies can fol-
low a larger number of participants for a longer 
period than most randomized, controlled trials. 
Limitations of this study are the self-reporting of B 
vitamin intake, known to be inherently inaccurate, 
and the fact that the actual doses in the supple-
ment may differ from label claims, affecting the 
quantity of vitamins ingested as calculated in this 
study. The authors also mentioned that they did 
not test for serum B-vitamin measurements, which 
further may have supported the self-reported B vi-
tamin intake or demonstrated that true intake was 
less than the stated intake. In addition, the fortifi-
cation of food with folic acid in the United States 
may have interfered with detecting any differences 
in lung cancer risk and folic acid supplementation.

The role of B vitamins in lung cancer risk is 
complicated and at this point is not fully under-
stood. From this study, we learned that women 
tend to get more B vitamins from supplements 
than diet. This increased supplementation found in 
women may be the result of the recommendation 

that women of childbearing age supplement with 
folate. Although folate did not demonstrate an 
association with increased lung cancer risk, it may 
be due to higher background of folic acid intake 
from fortified foods and should not be interpreted 
as a reason to recommend high-dose folic acid. 

Overall, these results corroborate some concerns 
surfacing with the use of vitamins above and 
beyond the RDA. For example, similar oncological 
concerns may exist with the ingestion of antioxi-
dant supplements, such as vitamin A and beta-
carotene in male smokers.7,8 It makes one wonder 
about mechanisms that might overlap with the 
results of the study reviewed here.

Recommending a healthy diet, such as the Medi-
terranean dietary pattern, and a multivitamin 
is safe. Counseling patients who smoke about 
smoking cessation is the most important factor in 
preventing lung cancer. Also, counseling patients 
about the lack of safety and efficacy of individual 
supplemental B vitamins in the absence of docu-
mented deficiency is important, particularly in 
men who are currently smoking. B vitamin defi-
ciencies are more common in certain populations. 
Individuals who follow a vegetarian or vegan diet 
may be at an elevated risk of B vitamin deficiencies 
if not consciously consuming B12-fortified foods. 
Individuals who have decreased gastrointestinal 
absorption of nutrients also should be evaluated 
for B vitamin deficiencies, including the elderly.

This study is quite convincing that B vitamin 
supplementation should be limited to individuals 
who are deficient and should not be a common-
place recommendation to current smokers.  n
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Supplemental: 1.40 mg/day
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Diet: 5.23 ug/day
Supplemental: 5.00 ug/day
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Supplemental: 200.00 ug/day
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SYNOPSIS: Case reports and observational studies revealed that certain medical conditions and a select few botanical medicines have 
adverse plant-pharmaceutical interactions. 

SOURCE: Awortwe C, Makiwane M, Reuter H, et al. Critical evaluation of causality assessment of herb-drug interactions in patients. Br J 
Clin Pharmacol 2018; Jan. 24. doi: 10.1111/bcp.13490. [Epub ahead of print].

There have been numerous publications about 
plant-pharmaceutical interactions (APPI), 

often called herb-drug interactions, although the 
topic should be expanded to include interactions 
between pharmaceuticals and any dietary supple-
ment (not just plants). It can be difficult to ascer-
tain whether the presence of a potential APPI is 
clinically significant, that is, despite knowing that 
a given dietary supplement could interact in some 
way with a pharmaceutical, what is the probability 
that it will?

Researchers in South Africa reviewed the medical 
literature for the presence of APPI, then took it 
one step farther. They used two scales, the Horn’s 
Drug Interaction Probability Scale (HDIPS) and 
the Roussel Uclaf Causality Assessment Method 
(RUCAM), to quantify the results. The HDIPS is 
a modification of the Naranjo tool, which was 
designed to find the single cause of an adverse 
drug reaction. HDIPS uses 10 questions with three 
possible answers each to make the tool more ap-
plicable to APPI, where numerous possible etiolog-
ical agents might be involved. RUCAM is a French 
tool used to rate the likeliness of hepatotoxicity 
due to botanical medicine ingestion. 

The authors culled from the medical literature 
clinical trials, case reports, and case series from 

2001 to 2017, and then characterized the APPI 
with Stockley’s Herbal Medicines Interaction, a da-
tabase and book.1 The authors focused exclusively 
on human research, but excluded trials on healthy 
subjects, hoping to learn from those situations in 
which an APPI actually occurred. This process led 
to 49 articles, including 47 case reports (n = 49) 
and two observational studies (n = 771). 

In large tables, the authors methodically listed  
the characteristics of the case reports and  

Summary Points
• Two observational studies and 49 case reports 

were reviewed for the presence of adverse 
plant-pharmaceutical interactions.

• Two scoring systems, HDIPS and RUCAM, 
were used to rate the probability of the 
suspected botanical cause-effect.

• Some of the botanical medicines potentially 
associated with adverse plant-pharmaceutical 
interactions were sage, flaxseed, St. John’s wort, 
chamomile, goji berry, cranberry, turmeric, and 
green tea.
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observational studies. Table 1 details the medi-
cal conditions represented by the case reports. 
With respect to the rating systems, of the 49 case 
reports, four were considered to be “highly prob-
ably,” 25 “probable,” 18 “possible,” and two 
“doubtful.” The most common APPIs seen were 
elevated liver enzymes, changes in the lab test 
international normalized ratio (INR), gastrointes-
tinal “disturbances,” and rhabdomyolysis.

In the two observational studies, most of the pa-
tients had medical histories involving “metabolic, 
cardiovascular, endocrine, or hemato-oncologic” 
systems. In one of these studies, which used the 
RUCAM scale, six APPI were reported, four of 
which were considered “probable” and involved 
hepatotoxicity due to the co-use of herbal blends 
(numerous, variable multi-herbal products) and 
nonsteroidal anti-inflammatory drugs. The other 
observational study, which used the HDIPS scale, 
found nine APPI, the “majority” involving warfa-
rin interacting with sage or flaxseed. In the latter, 
chamomile, green tea, and peppermint oil APPI 
also were seen.

n COMMENTARY
Is this a “… potential health problem …” as the 
authors stated in their abstract? It’s difficult to say 
for sure, but their analysis does add to the prior 
literature. There are numerous gaps in the litera-
ture on this topic, including nondisclosure and the 
lack of a standardized scoring system that leads 
to the under-reporting of APPI, and some effort 
to create order from the myriad of APPI articles is 
important. 

That said, the results presented still leave plenty of 
unknowns about the clinical relevance. For ex-
ample, other attempts to quantify APPI have found 
that potential APPI exists in some populations, but 
the reactions, when detailed, fail to show serious, 
clinically significant effects.2 From the current 
review, there is little new insight as to the severity 
of reactions, rather some perspective that, indeed, 
the herbal medicines cited in the case reports and 
observational studies were connected with the 
APPI seen. When some APPI are fully investigated, 
“probable cause” does not always result, so the 
fact that most of the cases reviewed here were con-
nected is interesting. The two observational studies 
contained large numbers of patients (n = 771) but 
only 15 APPI, an overall rate that is not mentioned 
by the authors. It would have been useful to have 
their objective discussion of the incidence of APPI 
in the context of a risk-benefit analysis of botani-
cal medicine use. Obviously, no APPI is acceptable, 
but how risky is botanical medicine use compared 

to other options? Most of the discussion centers 
on the mechanisms (usually cytochrome P450 
enzymes, or anticoagulation, antiplatelet effects) 
rather than risks-benefits, the latter potentially 
more useful to the practicing clinician.

To avoid APPI, which patients deserve most of our 
attention? All of them, of course, but this review 
does “flag” some disease states as rising to the 
surface of our APPI detective work. Either because 
of commonly used medications for those condi-
tions (cardiovascular, cancer, transplant, HIV, 
psychological), or because of inherent pathophysi-
ological challenges, perhaps those patients should 
be on the forefront of our open-minded, nonjudg-
mental questioning about dietary supplement use. 
This review’s diagnosis-based data are interesting 
on that level. In the same vein, perhaps there are 
certain botanical medicines that cause most of the 
problems. However, Awortewe et al did not ad-
dress that convincingly. In the results section, the 
authors mentioned sage and flaxseed, although the 
discussion section expanded on that and provided 
warnings about green tea, turmeric, St. John’s 
wort, goji berry, cranberry, and chamomilla (pre-
sumably chamomile tea). The expanded “caution” 
herbal list stems from the case reports, centered 
on those reports with a higher HDIPS or RUCAM 
rating (presumably); left wanting is an organized 
way to process all that information in a clinically 
useful, point-of-care manner. 

The authors are spot on with respect that it is im-
portant to improve on patient disclosure, and that 
the issue of APPI likely only will increase through-
out the world as botanical medicine use increases. 
All clinicians need to use the FDA MedWatch 
reporting system for any suspected APPI. In addi-
tion, hopefully the World Health Organization’s 
efforts at coordinating APPI reporting (mentioned 

Table 1: Characteristics of the 49 APPI Case 
Reports

Condition Number Other Information

Cancer 11 (22.4%) “Majority” taking 
alkylating agent and/or 
kinase inhibitor

Cardiovascular 15 (30.6%) 13/15 on warfarin

Central nervous 
system

8 (16.3%) Taking a variety of 
medicines

HIV positive Not 
mentioned

Taking one of three 
different HIV medications 
(probably single agent)

Renal 
transplant

8 (16.3%) 5/8 on cyclosporin
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in the article) will continue to provide the infor-
mation needed by clinicians to safely and effec-
tively use botanical medicines in their practices. 
Until that happens, clinicians can continue to ask 
all patients, but especially those with the condi-
tions (cardiovascular, cancer, renal transplant, HIV 
positive, and central nervous system disorders) 
that surfaced in this review, about botanical medi-
cine use, and particularly keeping in mind a few 

botanical medicines that may be more responsible 
than others for APPI.  n

REFERENCES
1. Williamson E, Driver S, Baxter K, Preston CL. Stockley’s Herbal Medi-

cines Interactions. London: Pharmaceutical Press 2009; 1-11.
2. Peng CC, Glassman PA, Trilli LE, et al. Incidence and severity of 

potential drug-dietary supplement interactions in primary care patients: 
An exploratory study of 2 outpatient practices. Arch Intern Med 
2004;164:630-636.

BONE HEALTH

ABSTRACT & COMMENTARY

Noncow Milk for Young Children:  
An Observational Study Regarding Height
By Ellen Feldman, MD

Altru Health System, Grand Forks, ND 

Dr. Feldman reports no financial relationships relevant to this field of study. 

SYNOPSIS: Data from more than 5,000 Canadian children reveals a dose-dependent association between drinking noncow milk and 
lower height in early childhood.

SOURCE: Morency ME, Birken CS, Lebovic G, et al. Association between noncow milk beverage consumption and childhood height.  
Am J Clin Nutr 2017;106:597-602.

The “Got Milk?” ad campaign of the early 
1990s, launched to combat the decline in milk 

consumption thought to be related to increasing 
consumption of soda and juice, is known as one 
of the most successful ad campaigns of its time.1 
However, by 2011, with the growing popularity 
of alternative noncow-based milk products, milk 
faced a new rival in the form of products such as 
soy milk, almond milk, and even noncow-derived 
animal milk.2

In an observational Canadian study, Morency et al 
examined the frequency and type of milk con-
sumption in more than 5,000 children between 2 
and 6 years of age who were enrolled in a pri-
mary care-based research study (Applied Research 
Group for Kids).3 The hypothesis of the study was 
that children who drank more noncow milk would 
grow slower or be shorter than their peers who 
drank the naturally more protein-rich cow milk. 
An additional goal of the study was to determine if 
consumption of cow milk mediated the difference 
in height — that is, if the difference in height was 
explained by lower cow milk consumption alone. 
Recruitment for the study was from primary care 
practices in Toronto. Exclusions included children 
with known growth difficulties and some chronic 
conditions. Interestingly, children with asthma 
were not necessarily excluded from the study.

Information about the number of cups of any non-
cow milk beverage consumed daily, the number of 
cups of cow milk consumed daily, age, sex, ethnic-
ity, socioethnic background, and maternal height 
all were recorded, as was the height of each child. 
All noncow milk beverages were pooled together; 

Summary Points
• Responses to a questionnaire regarding 

consumption of cow and noncow milk, 
demographic information, and height 
measurements were obtained from 5,034 
healthy children 2 to 6 years of age.

• After controlling for multiple variables, including 
gender and ethnicity, each daily cup of noncow 
milk reported consumed was associated with 
0.4 cm lower height (P < 0.0001).

• This association with lower height appears  
partially explained by lower cow milk 
consumption.

• This study was observational and supports 
an association and not a causation; therefore, 
more research is needed.
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no information was recorded regarding the  
specific type of drink in this category. For every 
participant, a height-for-age score was calculated 
using World Health Organization growth  
standards.4

Out of 5,934 children included in the study, 4,632 
drank a mean of two cups of cow milk daily (this 
included both cow-only and the blend group). Of 
the 643 primarily noncow milk drinkers, the mean 
consumption was 1.4 cups of noncow milk daily. 
In addition, 397 children drank both cow and 
noncow milk, and 156 did not consume any milk. 
(See Table 1.)

When studying height, children, and diet, there 
are clearly multiple factors to consider. Morency 
et al accounted for several potentially confound-
ing variables, including age, sex, ethnicity, neigh-
borhood/income, body mass index, and maternal 
height. The multivariate analysis of results showed 
an inverse, dose-dependent relationship, with 
higher noncow milk consumption associated with 
lower height.

Specifically, for each cup of noncow milk reported, 
the data reflected a 0.1 lower “height-for-age” 
score (P < 0.0001) or a 0.4 cm lower height/cup 
for 3-year-old children. This was mitigated only 
partially by cow milk consumption, as discussed 
later in this section. The trend appears reversed 
when looking at cow milk ingestion.

The second part of the analysis of these results 
involved efforts to determine if lower cow milk 
consumption alone could account for the height 
differences noted with noncow milk. Mediation 

analysis concluded that lower cow milk consump-
tion can account only partially for this association. 
When adjusted for cow milk consumption, non-
cow milk drinkers still had lower height-for-age 
scores and lower height/cup at 3 years of age. (See 
Table 2.)

n COMMENTARY
This large-scale, observational study was straight-
forward in methodology, but more complicated in 
analysis. Pertinent data were obtained by a simple 
questionnaire asking how many cups of cow and/
or noncow milk were consumed daily, and the data 
were supplemented by basic demographic informa-
tion and height measurements. The supplemental 
information allowed control for significant poten-
tial confounders such as ethnicity, socioeconomic 
status, and maternal height — important contribu-
tors to a child’s height.

A closer look at the participants and exclusion 
criteria raises some questions. The inclusion of 
children with asthma in the study group may 
have slanted the results. Although Morency et al 
excluded children with most chronic disorders, 
they did not exclude children with asthma or 
report how many children fell into this category. 
Notably, youngsters with asthma may avoid dairy 
products to reduce triggers. Also, many children 
with asthma use inhaled corticosteroids to help 
control symptoms. There is an association between 
short-term use of corticosteroids in children and 
temporary growth suppression5; this may have 
influenced the results. Future investigations ferret-
ing out these types of associations will be helpful 
in further understanding any association between 
noncow milk consumption and height.

Table 1: Numbers of Cow and Noncow Milk Drinkers in the Study (n = 5,034)

Cow Milk Only Noncow Milk Only No Milk Both Cow and Noncow Milk

Number of children 4,235 246 156 397

Percent of total 84.1% 4.9% 3.0% 7.9%

Table 2: Multivariate Analysis of Results

Mean Height-for-age Score
Mean Height/Cup Difference  
Age 3 years P Value

Cup/day noncow milk (any type) 0.1 lower 0.4 cm lower < 0.001

Cup/day cow milk 0.05 higher 0.2 cm higher < 0.001

Mediation analysis: noncow milk 
adjusted for less cow milk 0.08 lower 0.3 cm lower < 0.001
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Likewise, separating noncow milk products into 
subcategories according to type of beverage is es-
sential to draw conclusions and make recommen-
dations to families. It is possible that consumption 
of plant-based milk products (such as soy milk), 
nut-based milk products (such as almond milk), 
and noncow milk animal products (such as goat 
milk) all have unique association with height in 
children. We cannot determine this from the infor-
mation reported in this study.

However, the current data make a strong case that 
children who consume more noncow milk in early 
years are shorter than age-matched peers, at least 
in the short term. There are no data or conclusions 
about long-term growth available from this study.

Morency et al noted that the most likely expla-
nation for the association of lower growth with 
noncow milk consumption is that nutritional 
ingredients in cow milk, specifically proteins 
(casein and whey) and insulin-like growth factor 1 
(IGF-1), contribute to height. Noncow milk lacks 
IGF-1 and typically contains less protein than cow 
milk. For example, one cup of cow’s milk contains 
8 grams of protein, a similar quantity of soy milk 
usually contains 4-6 grams of protein, and there 
are only 2 grams of protein in one cup of almond 
milk.6 They also noted that neither the FDA nor 
the Food and Drug Regulations of Canada stan-
dardize the nutritional content of noncow milk as 
they do for cow milk, making it difficult to verify 
the nutritional value of these drinks.

Fortification of cow’s milk with vitamin D in 
particular, as well as other nutrients, is a standard 
in North America. Although noncow milk often is 
fortified, standards do not exist. Parents are wise 
to check labels carefully when planning to include 
these items as part of a young child’s diet. There 
are case reports of children developing nutritional 
deficiencies related to exclusive use of noncow 
milk as the beverage of choice; warning parents to 
be cautious in this regard is good practice.7

Finally, it is worth remembering that the results of 
this study indicated an association between non-
cow milk drinkers and shorter height in early life, 
but not about health status in general. It is impor-
tant to note that while height and health may be 
linked in early development, this is not a dose-
dependent relationship — that is, taller height at 
any one stage does not imply better health per se. 
Among other factors to take into consideration 
with consumption of dairy products is the poten-
tial of increased fat content; this may have adverse 
implications for health in children. 

Notably, the same issue of the American Journal 
of Clinical Nutrition included an investigation by 
Ma et al looking at an association between adult 
height and healthy aging. Using data from the 
Nurses’ Health Study, Ma et al found a small but 
significant decrease in healthy aging associated 
with taller adult height.8 It appears the relation-
ship between health and height is complicated and 
most likely is multifactorial.

A take-home message from this investigation can 
go beyond the association of noncow milk and 
lower height and approach a broader issue: the 
importance of inquiring about diet in young chil-
dren when taking a medical history. It is interesting 
that almost 5% of the participants in this study of 
children younger than 3 years of age were drinking 
only noncow milk. When talking with parents of 
young children regarding choice of milk or bever-
age, consideration of diet is useful. If parents prefer 
giving noncow milk, it is reasonable to ask about 
other sources of protein and nutrients in their diet. 
Not only should a balanced and varied diet help 
with growth, but it also may set the stage for devel-
opment of healthy eating habits later in life. 

The integrative provider, equipped with a broad-
based and holistic understanding of health and 
wellness, can put these research findings into 
perspective for parents. Noting that all milks are 
not “created equal,” understanding a child’s nutri-
tional needs at each stage, and promoting a habit 
of checking nutrient labels are useful tools to help 
shape a healthy diet for young children.  n
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Chiropractic Spinal Manipulation for Migraine
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SYNOPSIS: Chiropractic spinal manipulation offers no benefit over placebo for migraineurs.

SOURCE: Chaibi A, Benth JŠ, Tuchin PJ, Russell MB. Chiropractic spinal manipulative therapy for migraine: A three-armed, single-blinded, 
placebo, randomized controlled trial. Eur J Neurol 2017;24:143-153. 

Manual therapy sometimes is used as migraine 
prophylaxis in migraineurs who fail phar-

macological therapy and also in migraineurs who 
wish to avoid drug treatment.1 The rationale for 
the role of spinal manipulative therapy in migraine 
is based on research that suggests spinal manipu-
lation may activate neural inhibitory systems at 
different spinal cord levels.2

The field of manual therapy research has been 
limited by a lack of an acceptable sham procedure 
to act as a placebo control. Researchers in Norway 
developed a nontherapeutic chiropractic manipu-
lative therapy involving manipulation in a nonin-
tentional, nondirectional line of the lateral edge of 
the scapula and/or gluteal region. The aim of this 
study was twofold: 1) to conduct a prospective 
three-arm placebo-controlled study for migraineu-
rs and 2) to assess the efficacy of chiropractic spi-
nal manipulation vs. sham manipulation (placebo) 
vs. standard of care for migraine prevention.

The eligibility criteria for entry into the study 
included age between 18 and 70 years and at least 
one migraine headache per month. Exclusion cri-
teria were any contraindication to spinal manipu-
lative therapy, spinal radiculopathy, pregnancy, 
depression, or chiropractic spinal manipulation in 
the previous year. Study participants were allowed 
to continue and change acute migraine medication 
at any time during the study.

A total of 104 migraineurs were randomized into 
three groups: chiropractic spinal manipulative 
therapy, sham manipulative therapy (placebo), or 
control (who continued with their usual standard 
of care). Both the treatment and placebo groups 
underwent structural and motions assessments 
prior to and after each intervention. Each inter-
vention lasted for 15 minutes. The chiropractic 
treatment arm of the study received a specific 

contact, low-amplitude, short-lever spinal with 
no adjustment recoil directed to the spinal bio-
mechanical dysfunction (Gonstead method). The 
sham manipulation was conducted outside of the 
spinal column without soft tissue pre-tension and 
with adequate joint slack. The sham manipulation 
involved low-velocity, non-intentional maneuvers 
in the direction of the lateral edge of the scapula 
and/or the gluteal region.

The primary endpoint was the number of migraine 
days per month. A migraine day was defined as 
a day with a migraine or probable migraine. The 
secondary endpoints were migraine duration, 
intensity, headache index, and medicine consump-
tion. The headache index was defined as mean mi-
graine days per month × mean migraine duration 
mean intensity (0-10 scale). Medicine consumption 
was defined as mean doses of paracetamol, ergota-
mine, paracetamol plus codeine, nonsteroidal anti-
inflammatories, or morphinomimetics.

The study took place over 17 months: one month 
baseline, three months of treatment, and follow-
up three, six, and 12 months post-treatment. The 
study results of the study are summarized in Tables 

Summary Points
• A prospective three-armed study comparing 

chiropractic spinal manipulation to a sham push 
maneuver to standard of care for migraine failed 
to show any benefit of chiropractic manipulation 
over a sham push maneuver. 

• The novel study design demonstrated that it is 
possible to design research studies for manual 
therapy that include a placebo arm.
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1 and 2. Migraine days were reduced significantly 
in all three groups from baseline (P = 0.001). Data 
from the three, six, and 12 months of follow-up 
showed that the control group returned to baseline 
but the migraine improvement continued in both 
the treatment and placebo groups. 
 
A statistically significant reduction from baseline 
to post-treatment in migraine duration, intensity, 
and headache index was noted in all three groups 
and its effect continued throughout the follow-up 
period. Change in paracetamol consumption was 
significantly lower in the chiropractic manipula-
tion arm compared to the placebo (P = 0.04) or 
control (P = 0.03) arms at 12 months of follow-up. 
No severe or serious adverse events were reported 
throughout the study. Side effects were reported 
more commonly in the chiropractic manipulation 
arm compared to the placebo arm (P < 0.001), 
with local tenderness the most commonly reported 
side effect. 
 
The results showed that 80% of the study partici-
pants believed they had received the chiropractic 
spinal manipulation, regardless of the group al-
location. The authors concluded that it is possible 
to conduct a manual randomized, controlled trial 
with a placebo arm and that the observed effect of 
the chiropractic manipulation is likely the result of 
a placebo effect.

n COMMENTARY
A key strength of the study is that all patients were 
seen by a neurologist and had a definite diagnosis 
of migraine. This compares to other migraine stud-
ies that recruited people with migraine from ad-
vertisements. On the downside, this theoretically 
limits the applicability of the results to a tertiary 
referral population. 

An Australian randomized, controlled trial in 129 
people over six months showed significant im-
provements in migraine with chiropractic spinal 
manipulation. Since more than 80% of study par-
ticipants reported stress as a major factor in their 
migraines, the authors hypothesized that allevia-
tion of stress was the key mechanism of action at 
play in this study.3

In a study of 218 patients with migraine, research-
ers compared spinal manipulation, amitriptyline, 
and spinal manipulation plus amitriptyline for 
eight weeks. Spinal manipulation was as effec-
tive as amitriptyline, and there was no advantage 
noted for the combination of spinal manipulation 
plus amitriptyline.4

Even though these authors failed to show any 
benefit of chiropractic manipulative therapy over 
placebo for migraine, this is a landmark study in 
many ways. Lack of quality research data always 
has been a key challenge for integrative health 
practitioners. The failure of many integrative 
health modalities to fit neatly into the randomized, 
controlled trial “box” has been the rate-limiting 
step for integrative health researchers. Essentially, 
integrative health researchers have two options:  
1) convince the scientific community of the valid-
ity of research other than the randomized, con-
trolled trial, or 2) find a way to conform to the 
randomized, controlled trial. These researchers 
have done the latter, which is the path of least re-
sistance but marks a major milestone in integrative 
health research methodology.  n
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Table 1: Duration, Intensity, and Headache 
Index for Treatment Groups

Duration* Intensity*
Headache 
Index*

Chiropractic spinal 
manipulation 1.7 0.7 229.7

Placebo 1.9 0.8 276.9

Control 0.9 0.4 118.2

Table 2: P Values

Duration Intensity
Headache 
Index

CSMT vs. placebo P = 0.61 P = 0.41 P = 0.05

CSMT vs. control P = 0.09 P = 0.11 P = 0.04

Chiropractic spinal manipulation  (CSMT)
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CME INSTRUCTIONS

CME QUESTIONS

1. Which of the following is true regarding the 
study of B vitamins and lung cancer?
a. The women in this study had a higher dietary 
intake of B vitamins.
b. Vitamin B9 or folate supplemental use 
prevented lung cancer in men.
c. Individual supplementation with vitamin 
B6 and/or B12 in both men and women who 
smoked increased their risk of lung cancer.
d. In men who smoked, vitamin B6 and/or B12 
individual supplementation increased their risk 
of lung cancer.

2. Which of these plants was singled out as 
potentially associated with adverse plant-
pharmaceutical interactions?
a. Echinacea purpurea
b. Sage (Salvia spp)
c. Panax ginseng
d. Fennel (Foeniculum vulgare)

3. Roy is a healthy 3-year-old boy who came to 
the office for a well-child check. When inquiring 
about his diet, his mother said his new daycare 
only serves noncow milk. He appears to be 
tolerating this well. His parents wonder if there 
are any health concerns with this policy and/or 

if they should change the home milk to noncow 
as well. What is your best response?
a. Roy needs 2-3 cups of cow milk daily to 
reach maximum potential height, which is a 
reflection of health status at his age.
b. Noncow milk is just as healthy as cow milk 
and they can rest easy regarding health effect 
on Roy as long as he enjoys and consumes the 
beverage.
c. You point out the different standards for 
fortification of cow and noncow milk, suggest 
the parents review the specific nutritional 
content of the daycare beverage with the 
daycare provider, provide the parents with 
information regarding daily nutritional needs 
of a 3-year-old child, and discuss the rest of his 
diet.
d. You assure the parents that although Roy 
may not reach his maximum potential height, 
noncow milk with a lack of dairy fat is a 
healthier choice for him.
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