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ABSTRACT & COMMENTARY

Probiotic Use in Day Care Children
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SYNOPSIS: A 12-week intervention of daily supplementation with probiotics Bifidobacterium animalis subsp. lactis (BB-12) and 
Lactobacillus rhamnosus (LGG) 10 billion colony-forming units produced no reduction in the number of days absent from day care in 
Danish infants 8 to 14 months old.

SOURCE: Laursen RP, Larnkjær A, Ritz C, et al. Probiotics and child care absence due to infections: A randomized controlled trial. 
Pediatrics 2017;140:e20170735. doi:10.1542/peds.2017-0735. [Epub ahead of print].

Children in day care centers have a two to three 
times greater risk of developing community-
acquired respiratory and gastrointestinal infec-

tions than their home care counterparts.1,2 This increase 
in exposure is thought to be attributed to factors such 
as crowding and sharing of toys and, subsequently, 
sharing of bacteria and viruses. Illnesses in children and 
days of absenteeism have been strongly correlated with 
increased rates of parents missing work and, conse-
quently, increases in both indirect costs due to lost pro-
ductivity and direct costs of healthcare for the infant.3 

Laursen et al conducted a double-blind, placebo- 
controlled, parallel study, with the main intervention 
being administration of daily doses of probiotics con-
taining Bifidobacterium animalis subsp. lactis (BB-12) 
and Lactobacillus rhamnosus (LGG) to infants, aged 
8-14 months, who were expected to enter day care 
within 12 weeks of the start of the intervention. These 
infants had prohibited probiotic intake (fermented 
milk or probiotic supplements) for two weeks prior 
to the start of the study and for an additional six 
months thereafter as part of the trial protocol. Out of 
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11,516 parents invited to the study in the 
Denmark capitol area, 290 respondents 
gave informed consent and were randomly 
assigned into one of two groups: those 
whose infants took approximately 10 bil-
lion colony-forming units (CFU) of LGG 
and BB-12 probiotics in 1 g of maltodextrin 
powder (n = 144) and those whose infants 
took 1 g of maltodextrin without probiot-
ics (n = 146). The probiotic and placebo 
packets were indistinguishable. Parents 
logged administration and returned unused 
packets at the end of the intervention to 
assess compliance. Parents were instructed 
to dissolve one packet into a small amount 
of the child’s food or drink each day. A 
daily parent-reporting journal was given 
to each participating family to document 
the number of days absent from day care 
because of gastrointestinal or respiratory 
infections, the primary endpoints. Second-
ary endpoints also were recorded and in-
cluded days absent because of other illness, 
number of doctor-diagnosed upper or lower 
respiratory infections, episodes of diarrhea, 
episodes of vomiting, number of days with 
fever, number of days with cold symptoms, 
number of doctors’ visits, antibiotic treat-
ments, and number of days caregiver was 
absent from work because of infant illness.

Table 1 displays results for primary and sec-
ondary outcomes in this study. There was 
no difference in the days absent from day 
care between the intervention and control 
groups (1.14 days; 95% confidence interval 
[CI], -0.55 to 2.82; P = 0.19). Additionally, 
probiotic administration was found to have 
no effect on secondary endpoints. Initial 

data suggested that infants taking probiotics 
experienced significantly more days of fever 
than their placebo counterparts (1.84 days; 
95% CI, 0.060-3.63; P = 0.04). However, 
adjusting for infants with occurrence of at 
least one episode of upper respiratory tract 
infection since birth rendered this effect 
nonsignificant (1.39; 95% CI, -0.41 to 3.18; 
P = 0.13; data not shown). Remarkably, 
only 25 participants were lost to follow-
up, 13 from the intervention group and 12 
from the placebo group. Missing data sets 
accounted for only 6% of the total pos-
sible. There were no adverse effects reported 
related to the intervention.

n COMMENTARY
This trial reinforces some previous conclu-
sions regarding the use of probiotics in 
varying age groups around Europe,4-6 but 
flies in the face of other studies showing 
significant reduction in number of days 
absent.7 These differences may be attrib-
uted to a variety of factors including, but 
not limited to, the specific sub-strain of 
probiotics administered, the number of 
CFU per dose, the age of participants, and 
the duration of the treatment and study. 
Among the strongest variables that may 
have played a significant role in this study 
is that both groups had 44.3% to 50.3% of 
infants actively breastfeeding in the pla-
cebo and intervention groups, respectively. 
Two previous studies by Smerud et al4 and 
Weizman et al5 included only participants 
who were not actively breastfed at baseline, 
since breast milk is an effective protector 
against infection and stimulates develop-
ment of the infant immune system. The 

Summary Points
• Children in day care are at increased risk of community-acquired respiratory and 

gastrointestinal infections, contributing to absenteeism, medical costs, and lost work 
productivity by parents.

• A randomized, double-blind, placebo-controlled parallel study of day care infants 
in Denmark showed no reduction in sick days in infants given daily probiotics 
consisting of Bifidobacterium animalis subsp. lactis (BB-12) and Lactobacillus 
rhamnosus (LGG) 10 billion colony-forming units compared to infants given daily 
placebo.

• Further studies are needed considering current evidence about the total effective 
daily dose of probiotic and confounding factors, such as simultaneous or previous 
history of breastfeeding, to further determine if probiotics may be valuable in 
reducing the incidence of infection in the pediatric population.

mailto:Customer.Service%40AHCMedia.com?subject=
http://AHCMedia.com
mailto:lcoplin%40relias.com?subject=
mailto:Groups%40AHCMedia.com?subject=


      August 2018 87

theoretical protective effects of probiotics may have no 
additional benefits when added to that of breastfeeding. 
Similar studies focusing either on infants who are solely 
formula-fed or toddlers who are no longer breastfeed-
ing would be helpful. In the latter case, it still would be 
important to distinguish if the toddlers were previously 
breastfed, formula-fed, or both. 

The authors hypothesized that their dose of 2 × 109 
CFU per day was too low when compared to a recent 
meta-analysis, suggesting that the most effective correla-
tion to decrease acute gastroenteritis is doses of 1010 or 
more.8

Even though parents were instructed to refrain from 
feeding their infants yogurt or supplemental products 
containing probiotics or prebiotics, many common 
commercial products and infant formulas contain such 
additives. It is impossible to completely ascertain that 
these indeed were avoided in the study participants. 
Half (50.3%) of the probiotic infants were only chil-
dren and half (49.7%) had at least one sibling, whereas 
slightly more infants in the placebo group were only 
children (53.5% vs. 46.5%). Increased potential ex-
posure to bacteria and viruses from siblings attending 
school or day care was an additional confounding fac-
tor in this study. The strength and validity of this trial 

Table 1: Primary and Secondary Outcome Data Comparing Probiotic and Placebo

LGG and 
BB-12  
(n = 143)

Placebo  
(n = 142)

LGG and BB-12 
vs. placebo mean 
difference (95% CI)

LGG and BB-12 
vs. placebo odds 
ratio (95% CI) P value

Primary Outcome

Days absent from child care because  
of infection

11.0  
(6.1-17)

11.0  
(5.0-15.4)

1.14 (-0.55 to 2.82) - 0.19

Secondary Outcomes
Respiratory Infections

Days with symptoms of common cold 25  
(13.0-43.8)

24  
(14.0-41.0)

1.94 (-4.70 to 8.59) - 0.59

Number of children with > 1 episode of 
upper respiratory tract infection (URTI)

54 (38) 47 (33) - 1.22 (0.74-2.00) 0.43

Number of URTI episodes per child 0 (0-1) 0 (0-1) 0.15 (-.07 to 0.37) - 0.17

Number of children with > 1 episode of 
lower respiratory tract infection

25(18) 31(22) - 0.74 (0.41-1.31) 0.33

Gastrointestinal Infections

Number of children with > 1 episode  
of diarrhea

91 (64) 70 (56) - 1.42 (0.88-2.32) 0.15

Number of diarrheal episodes per child 1 (0-2) 1 (0-2) 0.22 (-0.06 to 0.51) - 0.12

Duration of diarrheal episodes (d) 2.0 (1.0-3.0) 1.0 (1.0-3.0) 0.20 (-0.28 to 0.68) - 0.43

Days of vomiting 2.0 (1.0-5.8) 2.0 (1.0-4.0) 0.68 (-0.16 to 1.52) - 0.11

Other

Days with fever 11.0  
(7.0-16.0)

10.0  
(5.3-14.0)

1.48 (-0.16 to 3.12) - 0.08

Number of antibiotic treatments 0 (0-1) 0 (0-1) 0.03 (-0.16 to 0.23) - 0.70

Caregiver absence from work because of child Illness (d)

Illness (total) 7.0 (4.0-13.0) 7.0 (3.0-
11.9)

1.02 (-0.48 to 2.52) - 0.18

Infections 6.0 (3.0-0.0) 5.0 (2.0-9.4) 0.61 (-0.64 to 1.85) - 0.34

Other illness 0.0 (0.0-2.0) 1.0 (0.0-2.0) 0.41 (-0.29 to 1.11) - 0.25

Days absent from child care because of illness

Illness (total) 13.0  
(9.0-19.0)

13.0  
(8.0-19.9)

0.94 (-0.89 to 2.77) - 0.31

Other illnesses (not infections) 1.0 (0.0-3.9) 1.0 (0.0-5.0) -0.19 (-0.90 to 0.51) - 0.59

Adapted from: Laursen RP, Larnkjær A, Ritz C, et al. Probiotics and child care absence due to infections: A randomized controlled trial. 
Pediatrics 2017;140:e20170735. doi:10.1542/peds.2017-0735. [Epub ahead of print].
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is primarily in the remarkably low dropout rate of only 
8.7%. Additionally, self-reporting compliance was high. 
On the other hand, because the data collected on the 
infants were accomplished through parental question-
naires, it is reasonable to assume that not every illness 
incident was diagnosed by a physician and, thus, the 
etiology of symptoms, either gastrointestinal or respira-
tory, could not be confirmed.

The use of probiotics continues to be an area begging 
further investigation about optimal species, dosing, 
length of treatment, and target populations for maxi-
mum efficacy. Since diet and dietary prebiotics influence 
probiotic gut colonization, this is another variable that 
requires consideration in future studies. Geographic, 
socioeconomic, and even population genetic factors 
have not been addressed sufficiently in previous stud-
ies, preventing generalization of conclusions about the 
protective effects of probiotic use. At the same time, 
advertising and sale of probiotics in dairy and supple-
mental products has an estimated market value of 
approximately $3.4 billion annually, while the estimated 
loss of productivity due to parents missing work days 
to care for sick infants has been estimated to cost $1.8 
billion annually.3 These economic figures call for further 
investigations to determine the possible efficacy of pro-
biotics for decreasing the number of sick days because 
of community-acquired respiratory and gastrointestinal 
infections in infants and children in day care settings. In 
the meantime, dietary recommendations for young chil-
dren attending day care should be aimed at maximizing 
general health, growth, and development. Breastfeeding 
infants has incontrovertible benefits. Fermented dairy 

products have many health benefits outside of their 
probiotic content and can be included in a child’s diet 
safely. However, supplementation with probiotics for 
normal healthy infants and children, although appar-
ently safe, requires further investigation before it can be 
a strategy that is strongly recommended to reduce the 
incidence of day care-acquired respiratory and gastroin-
testinal infections.  n
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ABSTRACT & COMMENTARY

Is There a Link Between Stopping Exercise 
and Depressive Symptoms?
By Ellen Feldman, MD

Altru Health System, Grand Forks, ND 

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

SYNOPSIS: The authors of this review article found a suggestive link between stopping exercise and the onset of depressive symptoms in 
healthy adults, especially in women.

SOURCE: Morgan JA, Olagunju AT, Corrigan F, Baune BT. Does ceasing exercise induce depressive symptoms? A systematic review of 
experimental trials including immunological and neurogenic markers. J Affect Disord 2018;234:180-192.

Exercise helps prevent depressive disorder and can be 
instrumental in management of depressive symp-

toms.1,2 Any lingering skepticism regarding this relation-
ship was laid to rest earlier this year with the publica-
tion of the results of the HUNT Cohort study. The 

authors of this well-regarded, prospective Norwegian 
investigation followed more than 33,000 healthy adults 
for 11 years and concluded that even low levels of activ-
ity protect against the onset of depressive symptoms in a 
non-depressed population.2
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To further understand the complex relationship between 
exercise and depressive symptoms, Morgan et al chose 
to study this relationship from a different perspective; if 
exercise helps prevent depressive symptoms, is cessation 
of exercise linked to the emergence of depressive symp-
toms? In a comprehensive search for published studies 
looking at cessation of exercise and emergent symptoms 
of depression, Morgan et al were unable to locate any 
studies looking at this phenomenon in a depressed 
population. After screening nearly 1,000 studies, the 
authors found six relevant studies3-8 looking at the 
relationship between brief cessation of exercise and the 
emergence of depressive symptoms in a non-depressed, 
healthy, regularly active adult population. None of the 
studies looked at the emergence of full-blown depressive 
disorder or any specific psychiatric disorder; all looked 
at emergent symptoms or mood states, such as fatigue, 
decreased concentration, and lack of energy. 

The six studies included 152 adults. In at least one 
study, there appeared to be a gender-based response, 
with women appearing more prone to develop depres-
sive symptoms after stopping exercise. As only about 
one-third of the total participants from the studies 
were women, Morgan et al believed this uneven gender 
balance may have skewed results and that more robust 
development of depressive symptoms may be seen with 
a more balanced gender pool. 

In all selected studies, the primary outcome — onset and 
intensity of depressive symptoms — was measured with 

specified screening tools (generally structured screens) 
according to each study protocol. Although several dif-
ferent tools and screens measuring depressive symptoms 
were used, the profile of mood states (POMS) was used 
most consistently across the group.9

The POMS is a scale-based rating tool used to assess 
current mood. Participants are asked to rate themselves 
on a scale of 1 to 4 on a variety of categories regarding 
how they feel at the time of assessment. These catego-
ries range from sad, angry, and tense to confident and 
energized. A total score is calculated by combining the 
“negative” subscores and subtracting the more positive 
subscores.9,10 Thus, in general, a higher POMS score in-
dicates a higher self-rating of more depressive symptoms. 

There was heterogeneity not only in tools but also 
in timing of measurement. Emergence of depressive 
symptoms was examined at three days in one study, one 
week in two studies, and three weeks in four studies. 
The range of depressive symptoms was wide and in-
cluded anxiety, dejection, anger, fatigue, and confusion.

Three studies measured and reported changes in inflam-
matory markers associated with depression. Aerobic 
exercise (a range of types and intensity) was the only 
form of exercise evaluated across all six studies. None 
of the studies reported any adverse events other than the 
development of depressive symptoms. None of the ob-
servational studies considered the reasons for stopping 
exercise as a confounding factor.

Two of the studies were randomized, controlled tri-
als (RCTs) and were of higher quality than the four 
non-RCTs. Only three of the studies (including the two 
RCTs) had designated control groups for comparison. 
In each case, the control group continued exercise as 
usual. None of the studies attempted to compare or 
examine mood states post-cessation of exercise to mood 
states in a never-exercising population.

Morgan et al noted the quality of the six studies varied 
from moderate to good for the two RCTs and very poor 
to moderate for the non-RCTs. In the final analysis, 
Morgan et al assigned extra weight via statistical analy-
ses to higher-quality investigations. However, given 
that the RCTs included only 66 participants in total, it 
is difficult to draw firm conclusions from the results. 
Notably, the risk of bias was believed to be unclear in 
most studies. 

Given the clear weaknesses of the studies, Morgan et al 
noted “serious concerns about inadequate methodolo-
gies including lack of controlling for confounding fac-
tors … our findings must be considered with caution.” 
However, they also cited valid and compelling reasons 
to review these studies and a direction for future inves-
tigation. See Tables 1, 2, and 3 for results.

Summary Points
• These authors reviewed six eligible studies, 

which included 152 healthy adults, to 
determine the relationship between stopping 
exercise and the onset of depressive 
symptoms.

• Of the six studies, two were randomized, 
controlled trials. In three studies, the 
researchers looked at biological markers of 
depression. The quality, methodology, and 
outcome measurements varied and the risk of 
bias was unclear.

• Depressive symptoms in healthy adults 
emerged following cessation of exercise after 
three days in one study and after two weeks in 
the majority of the studies. 

• There was no measurable increase in some 
biological inflammatory markers linked to 
depression, despite the increase in depressive 
symptoms.
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n COMMENTARY
National and international public health guidelines for 
physical activity are clear that regular physical activity is 
crucial in prevention and treatment of depressive symp-
toms.11,12 According to the World Health Organization 
(WHO), these guidelines are meant to “improve cardio-
respiratory and muscular fitness, bone health, reduce 
the risk of NCDs and depression.”13 WHO physical 
activity recommendations state:13

• Adults aged 18-64 years should do at least 150 
minutes of moderate-intensity aerobic physical 
activity throughout the week or do at least 75 min-
utes of vigorous-intensity aerobic physical activity 
throughout the week or an equivalent combination 
of moderate- and vigorous-intensity activity.

• Aerobic activity should be performed in bouts of at 
least 10 minutes duration.

• For additional health benefits, adults should 
increase their moderate-intensity aerobic physi-
cal activity to 300 minutes per week, or engage in 
150 minutes of vigorous-intensity aerobic physical 
activity per week, or an equivalent combination of 
moderate- and vigorous-intensity activity.

• Muscle-strengthening activities should be done 
involving major muscle groups on two or more 
days a week.

The importance of exercise to public health and depres-
sion is not in question. However, the related question 
posed by Morgan et al — do depressive symptoms 
emerge after cessation of exercise? — not only is rel-
evant to public health but also is highly significant to 
everyday clinical practice. Notably, this question does 
not refer to emergence of depressive disorder per se, but 
more narrowly looks at symptoms such as fatigue, lack 
of energy, and decreased motivation related to exercise 
cessation. Whether these symptoms could lead to devel-
opment of a depressive disorder is beyond the scope of 
this investigation and remains an open question. Look-
ing for evidence of a relationship between exercise  

cessation and depressive symptoms is just one step 
toward addressing this and other broader questions 
regarding a relationship between exercise and mood 
states. 

As noted, Morgan et al found that few quality studies 
exist and that the numbers involved are too low to draw 
firm conclusions. The heterogeneity of scales used to 
measure depressive symptoms make the studies difficult 
to compare and difficult to consolidate to perform a 
meta-analysis. 

Furthermore, none of the studies used a functional 
screen or structured interview to measure depressive 
symptoms and instead relied on more subjective mea-
sures of internal state. POMS essentially is a self-rating 
instrument for different mood states across a spectrum. 
It is well-regarded as a tool to evaluate acute mood 
changes in a healthy population. However, this scale 
does not allow assessment of any functional effect from 
the mood changes and is most valid when large number 
of subjects respond.9 

The highest quality studies were the two RCTs. Unfor-
tunately, neither used a mechanism to blind the control 
group; the self-rating nature of the scales measuring the 
effect of stopping exercise makes it difficult to remove 
bias and suggests the usefulness of outside objective 
measurement for future studies.

Table 1: Exercise Cessation Compared to Exercising-as-usual Control Group

Number of participants 
(healthy adults)

Control group scores 
(exercise-as-usual)

Intervention group scores 
(stop exercise)

Poole et al (2011)3

Two weeks exercise cessation 
13 female and 13 male Mean raw *POMS: 

32 baseline 
31 after 2 weeks

Mean raw POMS:
35 baseline 
55 after 2 weeks
P = 0.005

Kop et al (2008)4

Two weeks exercise cessation
22 female and 18 male Mean raw POMS:

6.6 after 2 weeks (no 
baseline reported) 

Mean raw POMS:  
13.3 after 2 weeks 
P = 0.008

Morris et al (1990)6

Two weeks exercise cessation 
40 male ZDS** 4 baseline to 3.5 after 

2 weeks
ZDS* 3.5 baseline to 6 after  
2 weeks

*POMS: Profile of Mood States measures mood at time of assessment; higher scores indicate higher “negative” mood scores
**ZDS: Zung depression-anxiety subscale

Table 2: Composite Female vs. Male  
Depressive Symptom (POMS) Scores  
Following Two Weeks  Exercise Cessation

POMS
± standard 
error (SE)

Female composite (50 women) 14.4 ± 4.84

Male composite (102 men) 1.18 ± 4.57

No P values available
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Morgan et al noted that the relatively low number of 
women across the studies may have skewed the results, 
given the consolidated group of women showed a high-
er mean number of depressive symptoms than the men 
after cessation of exercise. This may be significant, and 
future studies should look at gender-specific responses, 
but the general low quality of the studies makes even 
suggestive conclusions difficult.

The results of no change to negative changes in inflam-
matory markers after cessation of exercise are objective 
and measurable, and are unexpected given our knowl-
edge of reduced inflammatory markers with exercise 
and increased markers in depression. This is an ad-
ditional area for high-quality, high-participant studies. 
Although many of these factors affecting study quality 
detract from regarding this review seriously, the study 
still is relevant and certainly gives evidence to the need 
for future high-quality studies.

Perhaps of most value to clinical practice from this 
review is the reminder to incorporate questions about 
exercise and changes in exercise frequency into a clini-
cal history. Tell patients that preliminary studies show 
symptoms consistent with an early depressed state may 
emerge when stopping exercise, even in healthy, non-
depressed individuals. It is important to note that there 
is no evidence from this review regarding severity of de-
pressive symptoms or interference with everyday func-
tioning and no evidence of emergence of a full-blown 
depressive disorder. The most likely practical remedy for 
emergence of these symptoms is to resume the exercise, 
but this may not always be possible (such as after an 
injury.) It is helpful to remind patients that results from 
the large-scale HUNT Cohort Norwegian study indicate 
that even low levels of physical activity can prevent the 
emergence of depressive symptoms.2 

Discussing the results of this comprehensive review 
study can springboard a discussion and provide a  

valuable reminder of the important role of physical 
activity in mental health and control of depressive 
symptoms. Likewise, discussing such issues can remind 
us all of the value of self-examination and awareness of 
mood states — an invaluable tool in managing powerful 
emotions in daily life.  n
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Table 3: Inflammatory Markers 

Week 1 after exercise cessation Week 2 after exercise cessation

Inflammatory markers compared to control group

Poole et al (2011)3

26 participants
Not recorded IL- 6 reduced; no change in other inflammatory 

markers

Kop et al (2008)4

40 participants
C-reactive protein (CRP) and fibrinogen 
reduced

No change in CRP or fibrinogen
IL-6 reduced

Inflammatory markers within participants

Atunes et al (2016)5

18 participants
No change in multiple inflammatory markers No change in multiple inflammatory markers

Exercise is known to increase interleukin-6 (IL-6) and blunt pro-inflammatory responses believed to be key in depressive symptom 
genesis.10
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Vitamin D and Glycemic Control in Patients 
with Type 2 Diabetes
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SYNOPSIS: Findings from a meta-analysis show vitamin D supplementation was associated with improved glycemic control in vitamin 
D-deficient or non-obese patients with type 2 diabetes. 

SOURCE: Wu C, Qiu S, Zhu X, Li L. Vitamin D supplementation and glycemic control in type 2 diabetes patients: A systemic review and 
meta-analysis. Metabolism 2017;73:67-76.

The subject of vitamin D supplementation and its 
effects on various aspects of health has been a 

popular topic. Previous studies have demonstrated the 
benefits of vitamin D extend past bone and parathy-
roid health to include metabolic diseases such as type 2 
diabetes and obesity. Mechanisms of action on metabo-
lism are elucidated further in the commentary. It has 
been found that lower vitamin D levels are relatively 
common in those with type 2 diabetes.1,2 However, 
the causal relationship between vitamin D and type 2 
diabetes is unclear. Wu et al attempted to clarify this 
relationship through a careful meta-analysis and review 
of previous studies.

Currently, more than 400 million people worldwide 
suffer from diabetes.3 Improving glycemic control is the 
primary goal in diabetes management. There are many 
effective dietary and pharmacological agents used in 
diabetes management. However, diabetes continues to 
rise at epidemic proportions and having more tools in 
our clinical tool belts to address this problem is wise. 

Other investigators have explored the use of vitamin D 
in glycemic control.4 Some of these studies have shown 
benefit, while others have shown no benefit. Previ-
ous studies have included dietary intake of vitamin D, 
patients who did not have diabetes, and patients with 
prediabetes. Wu et al conducted this review and meta-
analysis to evaluate an association between vitamin 
D supplementation, specifically, and the reduction of 
fasting blood glucose (FBG) as well as glycosylated 
hemoglobin A1c (HbA1c) only in patients with type 
2 diabetes. FBG reflects daily glycemic fluctuations. 
HbA1c indicates the average plasma glucose level over 
the previous eight to 12 weeks.

Wu et al started with 637 articles and narrowed their 
list to include just 26 in the final analysis. They searched 

PubMed, Web of Science, and the Cochrane Library for 
articles published through March 2017 and included 
international publications of any language. The authors’ 
numerous exclusions strengthened the final analysis. To 
be included in this review, studies had to be random-
ized, controlled trials of human subjects with type 2 dia-
betes that evaluated HbA1c and FBG. The studies used 
either vitamin D, vitamin D analogues, and/or vitamin 
D and calcium supplementation. The studies included 
also had to demonstrate some change in serum vitamin 
D and a difference between the intervention group and 
the control group. All 26 studies were printed in full-
text articles. (See Table 1.)

Vitamin D deficiency was defined as serum 25(OH)D 
concentrations of < 20 ng/mL (50 nmol/L). Vitamin  
D insufficiency was defined as serum (OH)D concentra-
tions of 20-30 ng/mL (50-75 nmol/L), and vitamin  
D sufficiency was defined as serum 25(OH)D  

Summary Points
• Vitamin D supplementation reduced 

hemoglobin A1c (HbA1c) and fasting blood 
glucose in subjects with a vitamin D deficiency, 
defined as < 20 ng/mL (50 nmol/L).

• Vitamin D supplementation significantly reduced 
HbA1c in patients with diabetes who had a 
body mass index (BMI) < 30 kg/m2, but not in 
those with a BMI > 30 kg/m2.

• Vitamin D dosing and frequency varied widely 
from 1,000 IU oral per day to a single dose 
of 300,000 IU intramuscularly. Thus, optimal 
dosing has yet to be determined.
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concentrations of > 30 ng/mL (75 nmol/L). It has been 
suggested that serum concentrations > 30 ng/mL maxi-
mize the noncalcemic benefits of vitamin D.5

Wu et al conducted a further analysis in subgroups 
including baseline 25(OH)D, body mass index (BMI), 
dosage of vitamin D supplementation, length of inter-
vention, and change of 25(OH)D concentration. In this 
evaluation of moderating factors, they found vitamin 
D supplementation had a significant benefit on FBG 
and HbA1c in those who were non-obese with a BMI 
< 30 kg/m2. BMI is an attempt to quantify the amount 
of tissue mass, including muscle, fat, and bone, in an 
individual to categorize them as underweight, normal 
weight, overweight, and obese. (See Table 2.)

Another subgroup analysis showed that HbA1c and 
FBG levels both dropped significantly when changes 
in 25(OH)D serum levels were < 20 ng/mL or between 
10-20 ng/mL. The connection between physiological 
parameters and serum vitamin D levels is important, 
demonstrating benefits even with small laboratory 
changes with vitamin D repletion.

The dosing of vitamin D also was highly variable, from 
as low as 1,000 IU per day to a single intramuscular 
injection of 300,000 IU. Additionally, the course of 
intervention ran from four to 48 weeks. Because of this 
high variability in dosing quantity and trial length, this 
analysis failed to yield specific clinical recommenda-
tions. However, in patients who have a serum 25(OH)D 
level < 20 ng/mL and are non-obese, vitamin D supple-
mentation can lower their glycemic parameters. Unfor-
tunately, the authors did not identify a specific dosing 
schedule that can reach a beneficial serum level.

Although Wu et al were careful to streamline the data 
included in this analysis by having many exclusions, 
there were some weaknesses in the methods to gather 
data. First, not all of the study authors reported hypo-
glycemic pharmacologic use. Authors of seven studies 
included in this analysis did not report diabetes phar-
maceutical use; therefore, lower blood sugars could 
be attributed to pharmaceuticals rather than vitamin 
D supplementation. There was not a subgroup analy-
sis conducted to eliminate this variable. Second, the 

numbers of participants in the included studies were 
relatively small. On average, the included studies had 
30 to 40 participants. Third, most of the authors did 
not include the effects of sun exposure, dietary intake, 
or regular exercise, which all contribute to vitamin D 
synthesis. Despite these limitations, we can conclude 
that patients with diabetes who have deficient vitamin 
D levels would benefit from some amount of vitamin D 
supplementation. The exact amount and for how long 
has yet to be determined.

n COMMENTARY
Previous studies regarding vitamin D and glycemic 
control have been conflicting and confusing. Some have 
demonstrated benefit, and others have found no benefit. 
No trials have shown a worsening of glycemic param-
eters with vitamin D supplementation. Most studies 
have confounding variables and interfering factors that 
weaken their arguments in favor of or against vitamin 
D. Wu et al tried to resolve this confusion by presenting 
data from a highly selective group of studies, breaking 
the collected data into subgroups, and analyzing the 
data using different statistical methods. They focused 
specifically on vitamin D supplementation in people 
with type 2 diabetes and evaluated HbA1c and FBG as 
their specific parameters. 

Most of the body’s vitamin D is synthesized in the 
skin upon exposure to sunlight. Upon stimulation in 
the skin, vitamin D3 is produced from pro-hormone 
7-dehydrocholesterol. Vitamin D3 (cholecalciferol) is 
the more bioactive form of vitamin D than vitamin D2 
(ergocalciferol).6 Vitamin D2 does not bind as well to 
receptors in human tissue as vitamin D3 binds. Most 
experts agree vitamin D3 should be used in practice.7 
In this meta-analysis, the authors did not distinguish 
between the use of vitamins D3 and D2, and this dis-
crepancy may contribute to a decreased metabolic effect 
overall. 

To understand the mechanism of vitamin D, it is best to 
think of it more as a hormone than a vitamin. Instead of 
being a cofactor and facilitator for metabolic processes 
like a vitamin, vitamin D regulates metabolic processes.8 
The effect of vitamin D on glucose metabolism is not 

Table 1: Inclusion Data

• Randomized, controlled trial 
• Human subjects
• Patients with type 2 diabetes
• Vitamin D, vitamin D analogues, or vitamin D plus calcium 

supplementation
• HbA1c and FBG evaluated
• Full text articles
• Change in serum D in test group

Table 2: Vitamin D Supplementation and  
Effect on HbA1c and Fasting Blood Glucose

Body mass index
Significant effect on 
HbA1c and FBG?

< 18.5 kg/m2 (underweight) Yes

18.5-25 kg/m2 (normal) Yes

25-30 kg/m2 (overweight) Yes

> 30 kg/m2 (obese) No
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yet entirely clear. However, it is understood vitamin D 
deficiency impairs glucose-mediated insulin secretion in 
pancreatic beta cells,9 and data suggest that normaliza-
tion of vitamin D stimulates insulin secretion in rats that 
are deficient in vitamin D.10 It is postulated vitamin D’s 
glucose regulation occurs in two ways: by regulating 
plasma calcium levels, which regulate insulin synthesis 
and secretion, and through a direct action on pancreatic 
beta-cell function.11

In this meta-analysis, some studies included patients 
receiving insulin treatments, and serum insulin was not 
measured as a parameter. The specific effect of vitamin 
D supplementation on serum insulin is an area of re-
search to be explored. Non-obese patients with diabetes 
received the most glycemic benefit from vitamin D 
supplementation in this meta-analysis. Although obesity 
is a risk factor for vitamin D deficiency,12 these findings 
suggest improving vitamin D status in obese patients 
does not significantly improve their glycemic param-
eters. In one study, Hypponen et al reported that as BMI 
increased, serum 25(OH)D decreased and HbA1c in-
creased,13 suggesting the association between vitamin D 
and glucose metabolism might depend on body habitus. 

The most clinically relevant information in this analysis 
is to understand vitamin D as biologically active influ-
ence on metabolism. Further research on mechanism 
and specific clinical protocols has yet to be developed. 
However, in our non-obese patients with diabetes who 
are deficient in vitamin D, supplementing with vitamin 
D3 on a daily basis could yield glycemic benefits.  n
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SYNOPSIS: Three months of cannabidiol-enriched cannabis extract decreased mean monthly seizure frequency in children and young 
adults with refractory epilepsy. 

SOURCE: Hausman-Kedem M, Menascu S, Kramer U. Efficacy of CBD-enriched medical cannabis for treatment of refractory epilepsy in 
children and adolescents — An observational, longitudinal study. Brain Dev 2018;40:544-551.

At times, herbal medicines make headlines, and the  
 use of cannabidiol (CBD) oil for pediatric seizure 

disorders is a perfect example. CBD is one of the physi-
ologically active phytochemicals extracted from the 
hemp plant, or Cannabis sativa. It is a different type 
of compound from another well-known hemp extract, 

tetrahydrocannabinol (THC), which is considered the 
plant’s psychoactive constituent and is subject to federal 
oversight and a variety of state laws governing its rec-
reational and medicinal use. CBD falls into more of a 
“gray area,” although it still is listed as a DEA Schedule 
1 substance because of the fact that it is extracted from 

http://www.diabetesatlas.org
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the cannabis plant.1 However, in some states, it is  
possible to purchase CBD as an over-the-counter  
supplement.

Related to the recent FDA press release about the ap-
proval of a 99%-purified CBD extract, Epidiolex, for 
pediatric seizures,1 are several randomized, controlled 
trials and review articles exploring CBD oil for this pur-
pose and other neurological conditions.2,3,4 In one clini-
cal trial, Hausman-Kedem et al illustrated some of the 
clinical pearls of this treatment. Study participants, who 
were 1 to 20 years of age with “refractory” epilepsy be-
ing treated as outpatients, were offered cannabis treat-
ment in addition to their current pharmaceutical regi-
men. “Refractory” was defined as failing at least four 
treatments, which also could include the ketogenic diet 
or vagal nerve stimulation. The cannabis extract was 
CBD-enriched, containing a 20:1 ratio of CBD to THC, 
and initially was dosed at a CBD content of 2 to 5 mg/
kg per day, divided three times daily. The CBD dose was 
increased to 50 mg/kg per day, as tolerated, although 
none of the participants reached this level. None of the 
participants consumed more than 0.15-1.35 mg/kg per 
day of THC. The primary outcome was mean monthly 
seizure frequency. The statistical analysis compared two 
groups: those with no response or < 49% reduction in 
seizure frequency vs. those with 50-75% and 75-100% 
reduction in seizure frequency. 

The researchers enrolled 69 participants, average age 
9.6 years, to add CBD oil to their regular regimen, then 
excluded 12 (five because of inadequate reporting of 
seizure frequency and seven because of lack of follow-
up at three months). Of the 57 participants who made 
it through the enrollment process, 17 dropped out of 
the study (10 because of “bothersome” side effects, six 
because of poor follow-up, and one who was “unable 
to take the extract”). The total daily CBD dose ranged 
between 77 to 800 mg (4 to 32 mg/kg/day, average 
11 mg/kg/day). The researchers included 46 patients 
in the efficacy analysis, although it is unclear why 46, 
rather than 57, were analyzed here. Of these 46, 20 had 
a seizure reduction of 0-49%, 10 had a reduction of 
50-75%, 14 had a reduction of 75-99%, and two were 
seizure-free (100% reduction). The analysis also showed 
statistically better responses in participants younger 

than 10 years of age, those taking more than 11 mg/kg/
day, and those taking the extract for a longer period of 
time (20 months vs. 14 months). With respect to toler-
ability, 46% of study participants had adverse effects, 
most often somnolence, aggressiveness, loss of appetite, 
and vomiting. 

Putting these results into context, the authors men-
tioned that the efficacy agrees with other published 
studies, although the 11.7 mg/kg/day average dose in 
this study was a bit less than published levels; CBD dos-
ing for adults ranges between 200 to 300 mg daily, and 
published pediatric dosing can be as much as 25 mg/kg/
day (FDA-approved Epidiolex is 50 mg/kg/day). The 
authors lamented the fact that adverse effects limited 
achieving higher dose levels. 

This trial is difficult to interpret, not only from the 
statistics on efficacy (were the four groups different, sta-
tistically, from each other?), but also because of the lack 
of a control group and randomization. The authors ac-
knowledged these latter flaws, clearly pointing the way 
toward future clinical trials on the topic. The adverse 
effects listed (including two participants with worsening 
seizures and another with psychosis) are a concern, and 
may limit the use of CBD in this population. Perhaps 
that is why the FDA only approved Epidiolex in “…
two rare and severe forms of epilepsy, Lennox-Gastaut 
syndrome and Dravet syndrome.” Severe and refrac-
tory epilepsy can have disastrous consequences; in these 
cases, it may be worth the possible adverse effects to 
achieve some benefit. On that note, two study partici-
pants had their seizures remit completely, a wonderful 
outcome for this demographic. 

Both the authors and the FDA press release referenced 
in this review bring up the issues surrounding CBD 
sourcing and the difficulties finding a reliably dosed 
product, given the politics and state-by-state variation 
in availability. Perhaps, for now, this study’s results 
provide some context for clinicians to tailor their CBD 
risk-benefit counseling to this specific demographic, and 
at a very specific dosing regimen.  n
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Summary Point
• This uncontrolled, open-label study in 57 

children and young adults with epilepsy showed 
a decrease in seizure frequency when, on 
average, 11.7 mg/kg/day of cannabidiol was 
added to their pharmaceutical regimen. 

https://www.fda.gov/newsevents/newsroom/pressannouncements/ucm611046.htm
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CME OBJECTIVES
Upon completion of this educational activity, participants should be able to:

•  present evidence-based clinical analyses of commonly used alternative therapies;
•  make informed, evidence-based recommendations to clinicians about whether to consider using such 

therapies in practice; and
•  describe and critique the objectives, methods, results, and conclusions of useful, current, peer-reviewed, 

clinical studies in alternative medicine as published in the scientific literature.

CME INSTRUCTIONS

CME QUESTIONS
1. Which of the following contributes to the 

economic effect of increased risk and incidence 
of community-acquired infection in children 
attending day care?
a. Lost productivity for day care providers
b. Increased cost of day care provision for sick 
children
c. Increased cost of home care for sick children
d. Lost productivity for working parents

2. Which statement is true regarding exercise and 
depressive symptoms?
a. We know from multiple, good-quality 
studies that a decrease in exercise intensity can 
cause emergence of depressive symptoms and 
development of depressive disorders in women 
more often than in men.
b. This review study gives suggestive evidence 
that future researchers should look more closely 
at the relationship between cessation of exercise 
and the emergence of depressive symptoms; for 
now, cautioning patients to be aware of this 
possibility is recommended.
c. This review gives definitive evidence regarding 
a link between cessation of exercise and 
emergence of depressive symptoms in otherwise 
healthy adults; there may be a gender-specific 
response but this aspect needs further study 
before clinical application.

d. In this review study, inflammatory markers 
related to depression showed elevation during 
cessation of exercise and return to previous levels 
with resumption of physical activity.

3. Which of these statements is false about vitamin 
D supplementation?
a. Vitamin D supplementation benefits patients 
with diabetes who have a body mass index  
< 30 kg/m2.
b. Vitamin D supplementation has no effect on 
glucose metabolism.
c. For patients with type 2 diabetes who are 
deficient in vitamin D, supplementing with 
vitamin D improves glycemic parameters. 
d. Sufficient dosing of vitamin D and an optimal 
length of trial supplementation have not been 
determined as a result of this study.

4. Which of the following is true regarding the 
use of cannabidiol oil for refractory pediatric 
seizures?
a. It is dosed at 1 mg/kg/day.
b. Almost 50% of study participants had adverse 
effects.
c. There was no benefit to the use of cannabidiol 
oil in any of the study participants.
d. In this study, it was administered in a 1:1 
extract with tetrahydrocannabinol.
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