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A B S T R A C T

Objectives: The aim of this study is to test the association between dietary flavonoids intake and prostate cancer
(PCa) in a sample of southern Italian individuals.
Design: A population-based case–control study on the association between PCa and dietary factors was con-
ducted from January 2015 to December 2016, in a single institution.
Setting: Patients with elevated PSA (Prostate Specific Antigen) and/or suspicion of PCa underwent transperineal
prostate biopsy (≥12 cores). A total of 118 histopathological-verified PCa cases were collected and matched
with controls, which were selected from a sample of 2044 individuals randomly recruited among the same
reference population. Finally, a total of 222 controls were selected.
Main outcome measures: Prevalence of PCa.
Results: Consumption of certain groups of flavonoids significantly differed between controls and cases, in par-
ticular: flavonols (63.36 vs 37.14mg/d, P < 0.001), flavanols (107.61 vs. 74.24 mg/d, P= .016), flavanones
(40.92 vs. 81.32 mg/d, P < 0.001), catechins (63.36 vs. 36.18mg/d, P= .006). In the multivariate model,
flavanols and flavones were associated with reduced risk of PCa, despite not in the highest quartile of intake.
Higher flavonol and catechin intake was consistently associated with reduced risk of PCa (Odds Ratio
(OR)= 0.19, 95% CI: 0.06–0.56 and OR=0.12, 95% CI: 0.04–0.36). In contrast, the highest intake of flava-
nones was positively associated with PCa.
Conclusion: Flavonols and catechins have proved to be the most promising molecules for a potential protective
role against PCa. Nevertheless, further research on flavanones is needed to better establish whether they are
associated with PCa.

1. Introduction

Prostate cancer (PCa) is the most common cancer in men with in-
cidental diagnosis.1 Current statistics predicted that in the USA new
cases of PCa will be more than 150,000 per annum over the next few
years 2. Although major efforts have been paid to prevent this cancer,
including identification of risk factors (racial/ethnic background and
family history) 3, there are aspects of etiopathogenesis still not clarified.
Identifying causal factors of PCa would lead to new prevention
methods. Also for PCa, as for benign prostatic hyperplasia, it has been
hypothesized the possibility that the etiopathogenesis of the disorder is
linked to chronic inflammation: the main pathway proposed suggests

that the presence of oxidative stress associated to chronic inflammation
in the cellular environment causes an increase of pro-inflammatory
cytokines and growth factors, which in turn may determine an increase
of the speed of cell replication, and therefore the possibility of incurring
mutations 4,5. If there is a correlation between prostate diseases, oxi-
dative stress and chronic inflammation, the role of compounds with
antioxidant action could play an important role in the prevention of
PCa.

Current evidence suggests that adherence to plant-based dietary
patterns, such as the Mediterranean diet, may reduce risk of PCa 6–8.
Moreover, patients exhibiting greater adherence to the Mediterranean
diet after diagnosis of non-metastatic PCa were associated with lower
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overall mortality 9. Interestingly, pure vegetarian dietary patterns did
not show the same inverse association with risk of PCa 10, suggesting
that the retrieved associations are related to beneficial compounds ra-
ther than only reduction of unhealthy ones (i.e., trans-fatty acids).
Among the others, important components of the Mediterranean diet
that have been hypothesized to be responsible for its potential bene-
ficial effects are polyphenols 11. These compounds occur naturally in
plant-derived foods, such as fruits and vegetables, nuts, whole-grains,
olive oil, coffee and tea. Based on their biochemical structures, they are
divided into different subclasses of which, the most representative, are
flavonoids 12. In turn, the six principal subclass of flavonoids are fla-
vonols, flavones, flavanones, flavanols, and anthocyanidins 13. The in-
terest on studying flavonoids as anti-cancer substances depends on a
variety of properties and potential mechanisms of action that may affect
the risk of cancer 14–17. In example, flavonoids were shown to modulate
several molecular pathways implicated in PCa carcinogenesis process;
in particular, by targeting important transcription factors, such as NF-
kB (Nuclear Factor kappa-light-chain-enhancer of activated B cells) and
AP-1 (activator protein-1), implicated in regulation of inflammatory
response. Results on the association between dietary flavonoid intake
and human health are promising, but research in relation to cancer is
still ongoing and rather incomplete 18. Some studies investigated the
relation between dietary flavonoids and PCa 19,20: however, the relation
between PCa and flavonoid subclasses remains unclear. Thus, the aim of
this article is to test the association between dietary flavonoids, in-
cluding all major subclasses, and PCa in a sample of southern Italian
individuals.

2. Material and methods

2.1. Study population

A population-based case–control study on the association between
PCa and dietary factors was conducted from January 2015 to December
2016 in a single institution of the municipality of Catania, southern
Italy. Patients with elevated PSA and/or suspicious PCa underwent
transperineal prostate biopsy (≥12 cores). A total of 118 histopatho-
logical-verified PCa cases were collected.

Controls were selected from a sample of 2044 individuals included
in a cohort study 21: individuals were randomly selected among the
same reference population of the cases, and matched by age, BMI, and
smoking status with cases. A total of 222 controls were selected.

All the study procedures were carried out in accordance with the
Declaration of Helsinki (1989) of the World Medical Association and
participants provided written informed consent after accepting to par-
ticipate. The study protocol was approved by the ethic committee of the
referent health authority (Policlinico Hospital of Catania, Registration
number: 41/2015).

2.2. Data collection

Demographics (including age, and educational level) and lifestyle
characteristics (including physical activity, smoking and drinking ha-
bits) were collected. Educational level was categorized as (i) low (pri-
mary/secondary), (ii) medium (high school), and (iii) high (university).
Physical activity level was evaluated through the International Physical
Activity Questionnaires (IPAQ) 22 which comprised a set of ques-
tionnaires (5 domains) investigating the time spent being physically
active in the last 7 days: based on the IPAQ guidelines, final scores al-
lows to categorized physical activity level as (i) low, (ii) moderate, and
(iii) high. Smoking status was categorized as (i) non-smoker, (ii) ex-
smoker, and (iii) current smoker. Alcohol consumption was categorized
as (i) none, (ii) moderate drinker (0.1–12 g/d) and (iii) regular drinker
(> 12 g/d).

2.3. Dietary assessment

Dietary data was collected by using two food frequency ques-
tionnaires (FFQs) specifically developed and validated for the Sicilian
population23,24. The long-version FFQ consisted of 110 food and drink
items. Patients were specifically asked whether they changed their diet
due to course of the disease and to answer to the questionnaire referring
to their habitual diet before the disease. Participants were asked how
often, on average, they had consumed foods and drinks included in the
FFQ, with nine responses ranging from “never” to “4-5 times per day”.
Intake of food items characterized by seasonality referred to con-
sumption during the period in which the food was available and then
adjusted by its proportional intake in one year.

2.4. Estimation of flavonoid intake

The methodology used to retrieve dietary flavonoids has been
widely used in literature and largely described elsewhere 25. Briefly,
data on the polyphenol content in foods was obtained from the Phenol-
Explorer database (www.phenol-explorer.eu). A new module of the
Phenol-Explorer database containing information on the effects of
cooking and food processing on polyphenol contents was used when-
ever possible in order to apply polyphenol-specific retention factors 26.
A total of 75 items were searched in the database after exclusion of
foods that contained no polyphenols. Following the standard portion
sizes used in the study, food items were converted in g or ml and then
proportioned to 24-h intake. Next, a search was carried out in the
Phenol-Explorer database to retrieve mean content values for flavonoid
(total and major subclasses) contained in the foods obtained and their
intake was then calculated by multiplying the flavonoid content by the
daily consumption of each food. Finally, intake of flavonoids was ad-
justed for total energy intake (kcal/d) using the residual method.

2.5. Statistical analysis

Categorical variables are presented as frequency and percentage,
continuous variables are presented as mean and standard deviation.
Differences of frequency between groups were calculated by Chi-square
test. Total flavonoid intake distribution was tested for normality dis-
tribution with the Kolmogorov-Smirnov test and it followed a slightly
asymmetric normal distribution due to extreme values of the upper
side. Mann-Whitney U test and Kruskall-Wallis test were used to com-
pare differences in intakes between groups, as appropriate. Association
between dietary intake of total and subclasses of flavonoid and PCa was
calculated through logistic regression analysis adjusted for age (years,
continuous), energy intake (kcal/d, continuous), weight status (normal,
overweight, obese), smoking status (smokers, non-smokers), alcohol
consumption (< 12 g/d, ≥12 g/d), physical activity level (low,
medium, high), family history of PCa. All reported P values were based
on two-sided tests and compared to a significance level of 5%. SPSS 17
(SPSS Inc., Chicago, IL, USA) software was used for all the statistical
calculations.

3. Results

Table 1 lists the baseline characteristics of cases and controls. Be-
sides the characteristics for which controls were matched with cases,
most of other variables had different distribution between groups:
specifically, among cases there was a higher prevalence of low educa-
tion, low physical activity level, higher alcohol consumption and family
history of PCa than controls, despite mean BMI levels were lower in the
former than in the latter.

No significant differences between cases and controls have been
found concerning total dietary flavonoids (Table 2). However, re-
garding flavonoid subclasses, differences between intake of some
compounds were statistically significant: flavonols (63.36 vs. 37.14,
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P < 0.001), flavanols (107.61 vs. 74.24, P=0.016), flavanones (40.92
vs. 81.32 P < 0.001), and catechins (63.36 vs. 36.18, P= 0.006).
There was no statistical significant difference in the subclasses of fla-
vones and anthocyanins between PCa group when compared to con-
trols.

The univariate logistic regression analysis showed that intake of
various compounds was associated with PCa (Table 3). When analysis
was adjusted for potential confounding factors (including age, energy
intake, weight status, smoking status, alcohol consumption, physical
activity level, family history of prostatic cancer), only the highest intake
of flavonol and catechin intake was consistently associated with less
likelihood of having PCa (OR=0.19, 95%CI: 0.07–0.50 and
OR=0.12, 95%CI: 0.04–0.36, respectively). Moreover, flavanol and
flavone intake was also associated with PCa, despite the significant
association was relative to third quartile of intake, while the highest
showed no significant results (Table 3). In contrast, the highest quartile
of flavanone intake was directly associated with higher likelihood of
having PCa compared to the lowest (Table 3). No significant association
between total flavonoid intake and PCa was found.

4. Discussion

In this study, we tested the association between dietary flavonoid
intake and PCa in a sample of individuals living in the Mediterranean
area. Although results were not consistently significant for all the var-
ious compounds tested, higher intake of nearly all flavonoids was in-
versely associated with PCa compared to lower intake.

Published data on flavonoid intake and risk of PCa is somehow
contrasting. Some individual studies and recent meta-analyses showed

that a direct association between specific classes of flavonoids (i.e.,
flavanones and anthocyanins) and likelihood of having PCa may exist,
while results on other classes are largely inconsistent 19,20,27. Thus, our
findings are only partially in line with existing literature, as we found a
potential protective association for certain classes, while we also re-
ported direct association between flavanone intake and PCa.

Regarding the potential detrimental effects, it has been hypothe-
sized that excessive antioxidants consumption may actually increase
risk of cancer 28. Despite not relative to flavanones, there is evidence
that certain antioxidant vitamins, including ascorbic acid, may have
detrimental effects on reactive oxygen species production processes
related to PCa 29–31; it is noteworthy that major source of ascorbic acid
coincide with those of flavanones (i.e., citrus fruits), thus potentially
leading to collinearity and confusing the interpretation of results on this
flavonoid class.

Regarding the potential protective effects of flavonoids, there is
evidence of general beneficial effects of dietary flavonoids on metabolic
health 32,33 and metabolic status has been shown in a recent meta-
analysis to be a mediating factor for PCa risk 34. Flavonoids may act as
activator of the transcription factor NF-kB that regulate a variety of
cellular activities that include inflammation, immune response, cell
growth and death, therefore resulting in a cascade of events that may
lead to carcinogenesis 33. Overexpression of NF-kB leads to the acti-
vation of several signalling pathways, among which also the activation
of COX-2 (cyclooxygenase-2), which increases levels of pro-in-
flammatory cytokines, a perfect scenario for developing PCa cells. It has
been shown, that synthetized analogs of flavanols are promising cate-
gory of compounds that can inhibit cell growth and interfere with the
components of the androgen receptor and PSA proteins in human-de-
rived PCa cell line 35 or directly compromise the PCa cell vitality of
several prostate cancer cell lines, including: 22Rv1, TRAMP C2, PC-3

Table 1
Baseline characteristics of cases and controls.

Cases
(n=118)

Controls
(n=222)

P-value

Age (y), mean (SD) 69.13 (6.60) 68.09 (8.18) 0.238
BMI, mean (SD) 26.49 (3.34) 27.49 (3.28) < 0.001
Weight status, n (%) 0.220
Normal 42 (35.6 59 (26.6)
Overweight 60 (50.8) 127 (57.2)
Obese 16 (13.6) 36 (16.2)

Smoking status, n (%) 0.220
Non-smoker 68 (57.6) 143 (64.4)
Current smoker 50 (42.4) 79 (35.6)

Alcohol intake, n (%) < 0.001
<12 g/d 55 (46.6) 153 (68.9)
≥12 g/d 63 (53.4) 69 (31.1)

Education, n (%) < 0.001
Primary 96 (81.4) 49 (22.1)
Secondary 22 (18.6) 173 (77.9)

Physical activity level, n (%) < 0.001
Low 38 (32.2) 49 (26.2)
Medium 64 (54.2) 67 (35.8)
High 16 (13.6) 71 (38.0)

Family history of prostatic
cancer, n (%)

43 (36.44) 9 (4.05) < 0.001

Table 2
Mean differences of total and subclasses of flavonoid intake between cases and
controls.

Cases (n=118) Controls (n=222) P-value

Flavonoids, mean (SD) 268.68 (166.87) 286.04 (207.38) 0.434
Anthocyanins, mean (SD) 59.82 (51.55) 59.09 (55.57) 0.903
Flavonols, mean (SD) 37.14 (29.23) 63.36 (46.85) < 0.001
Flavanols, mean (SD) 74.24 (71.42) 107.61 (139.97) 0.016
Flavanones, mean (SD) 81.32 (76.94) 40.92 (40.38) < 0.001
Flavones, mean (SD) 9.86 (13.84) 8.50 (8.70) 0.266
Catechins, mean (SD) 36.18 (46.43) 63.36 (100.11) 0.006

Table 3
Association between quartiles of total and subclasses of flavonoid intake and
prostate cancer.

Q1 Q2 Q3 Q4

Flavonoids
No. of cases 30 35 19 36
OR (95% CI)a Ref. 0.93 (0.49–1.76) 0.48 (0.24–0.97) 0.75 (0.39–1.45)
OR (95% CI)b Ref. 1.44 (0.57–3.63) 0.51 (0.18–1.42) 1.10 (0.40–2.99)
Anthocyanins
No. of cases 28 31 32 27
OR (95% CI)a Ref. 1.09 (0.57–2.09) 0.98 (0.51–1.85) 0.62 (0.31–1.25)
OR (95% CI)b Ref. 0.58 (0.23–1.45) 0.51 (0.20–1.31) 0.36 (0.12–1.06)
Flavonols
No. of cases 64 28 15 11
OR (95% CI)a Ref. 0.44 (0.24–0.79) 0.21 (0.10–0.42) 0.11 (0.53–0.26)
OR (95% CI)b Ref. 0.44 (0.18–1.04) 0.19 (0.07–0.50) 0.19 (0.06–0.56)
Flavanols
No. of cases 106 9 2 1
OR (95% CI)a Ref. 0.71 (0.29–1.72) 0.03 (0.003–0.33) 0.35 (0.04–3.04)
OR (95% CI)b Ref. 0.76 (0.22–2.58) 0.02 (0.002–0.31) 1.84 (0.17–19.4)
Flavanones
No. of cases 18 10 19 71
OR (95% CI)a Ref. 0.51 (0.21–1.21) 0.96 (0.45–2.06) 3.03 (1.56–5.87)
OR (95% CI)b Ref. 0.26 (0.07–0.90) 1.59 (0.50–5.02) 5.76 (2.06–16.09)
Flavones
No. of cases 37 32 10 39
OR (95% CI)a Ref. 0.82 (0.44–1.51) 0.24 (0.11–0.55) 0.84 (0.46–1.54)
OR (95% CI)b Ref. 0.61 (0.25–1.45) 0.33 (0.12–0.91) 0.87 (0.34–2.21)
Catechins
No. of cases 50 22 31 15
OR (95% CI)a Ref. 0.39 (0.21–0.75) 0.49 (0.27–0.89) 0.20 (0.097–0.41)
OR (95% CI)b Ref. 0.21 (0.08–0.55) 0.35 (0.14–0.90) 0.12 (0.04–0.36)

a OR adjusted for energy intake (kcal/d, continuous).
b OR adjusted for age (years, continuous), energy intake (kcal/d, con-

tinuous), weight status (normal, overweight, obese), smoking status (smokers,
non-smokers), alcohol consumption (< 12 g/d, ≥12 g/d), physical activity
level (low, medium, high), family history of prostatic cancer.
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and LNCaP 36 Moreover, flavonols may expression of several genes,
such as MMP-1 (matrix metalloproteinase-1), MMP-9 (matrix metallo-
proteinase-9), MMP-14 (matrix metalloproteinase-14), c-Fos (proto-
oncogene), c-Jun (a subunit of the transcription factor), and VEGF
(vascular endothelial growth factor), that have been previously shown
to be associated with PCa 36 and in particular in changing the ratio Bcl-
2 (B-cell lymphoma 2)/Bax (apoptosis regulator) mRNA, which directly
determines neoplastic cell sensitization for the apoptotic pathway 37,38.

Among individual compounds, higher intake of flavonols and, spe-
cifically, catechins was found to be significantly inversely associated
with having PCa. Catechins are typically contained in tea, one of the
most widely consumed beverage in the world 39. The tea plant (Camellia
sinensis) produced in Asia, China, Japan, and Thailand has been tradi-
tionally used in natural medicine40. The most represented individual
compounds contained in tea, such as epigallocatechin (EGC), epica-
techin-3-gallate (ECG), epicatechin (EC), and epigallocatechin-3-gallate
(EGCG), have been studied in relation to PCa41. Among the main me-
chanisms of action, these molecules may play a role in the prevention of
etiopathogeneiss of PCa by inducing cell growth arrest and apoptosis
primarily via p53-dependent pathway or inhibiting COX-2 (inducible
enzymatic isoform, rapidly induced by growth factors, tumor pro-
moters, oncogenes, and carcinogens) without affecting COX-1 (cy-
clooxygenase-1), at both the mRNA and protein levels 15,40, Besides
these biological properties, previous data found no association between
PCa risk and green tea intake 42–44. However, a recent meta-analysis
showed that green tea intake might reduce the incidence of PCa with a
linear dose–response effect and decrease PCa risk significantly with
daily intake of over 7 cups/day 45. There is still only limited evidence
from randomized clinical trials investigating the association of green
tea catechins with the risk of PCa, however showing that green tea
catechins had a significant effect on the reduction of PCa risk compared
to placebo 46,47.

Some limitations of the present analysis have to be addressed for a
better interpretation of the results. First, the observational nature of
study does not permit to assess causal relationships, rather only asso-
ciations. Second, the variety of flavonoid composition is complex and
use of FFQs may lead to measurement errors. Third, our sample was
based on patients with no previous biopsy and PCa diagnosis could have
been underestimated. In contrast, controls were selected from the
general population, thus we are unaware whether undiagnosed PCa
cases existed.

5. Conclusion

In conclusions, flavonoids may have different levels of protection
against PCa. Among the compounds tested in our study, flavonols and
catechins have proved to be the most interesting molecules for a pro-
tective value. Future randomized clinical trials are needed to strengthen
the findings obtained in this study and provide adequate evidence of the
potential protective effects of flavonoids toward PCa risk.
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A B S T R A C T

Background: Little is known about risk factors for adult glioma. Adiposity has received some attention as a
possible risk factor.
Methods: We examined the association of body mass index (BMI), waist circumference (WC) and waist-to-hip
ratio (WHR), measured at enrollment, as well as self-reported weight earlier in life, with risk of glioma in a large
cohort of postmenopausal women. Over 18 years of follow-up, 217 glioma cases were ascertained, including 164
glioblastomas. Cox proportional hazards models were used to estimate hazard ratios and 95% confidence in-
tervals.
Results: There was a modest, non-significant trend toward increasing risk of glioma and glioblastoma with in-
creasing measured BMI and WHR. No trend was seen for WC. Self-reported BMI earlier in life showed no as-
sociation with risk.
Conclusions: Our weak findings regarding the association of adiposity measures with risk of glioma are in
agreement the results of several large cohort studies. In view of the available evidence, adiposity is unlikely to
represent an important risk factor for glioma.

1. Introduction

Gliomas are the most common primary intracranial cancer and the
most fatal type of brain tumor [1]. Little is known about risk factors for
gliomas [2]. Established risk factors include several rare, inherited
genetic syndromes and exposure to ionizing radiation [2]; however,
these account for only a small proportion of gliomas.

Adiposity has received attention as a possible risk factor for glioma
[3–10]. Such an association might be mediated by circulating insulin
levels, since hyperinsulinemia is common among obese and sedentary
individuals, and insulin has pro-mitotic properties [4,5]. Insulin crosses
the blood-brain barrier, and insulin’s actions within the CNS are
mediated by two canonical pathways involved in carcinogenesis [11].
However, most studies have found little evidence of an association with
adiposity. Of two meta-analyses of the association of adult body mass
index (BMI) and glioma, one found no association in men or women
[9], whereas the other reported a significant association in women but
not in men [8]. Two other studies [4,5] showed positive associations of
BMI at age 18 and 21, respectively, with glioma risk, raising the pos-
sibility of an etiologic role of obesity earlier in life.

We examined the association of BMI, waist circumference (WC), and
waist-to-hip ratio (WHR) measured at enrollment with risk of glioma in

a large cohort of postmenopausal women. Additionally, we assessed the
association of BMI at age 18, 35, and 50 with risk of glioma in a subset
of the study population.

2. Methods

The Women’s Health Initiative is a large, multicenter study designed
to advance understanding of the determinants of major chronic diseases
in postmenopausal women. It is composed of a clinical trial component
(CT, n=68,132) and an observational study component (OS,
n=93,676) [12]. Women between the ages of 50 and 79 and re-
presenting the major racial/ethnic groups were recruited from the
general population at 40 clinical centers throughout the US between
1993 and 1998.

At study entry, self-administered questionnaires were used to collect
information on demographics, medical, reproductive, and family his-
tory, and lifestyle factors, including smoking history, alcohol con-
sumption, diet, and recreational physical activity. All participants had
their weight and height measured by trained staff at baseline. Weight
was measured to the nearest 0.1 kg, and height to the nearest 0.1 cm.
Body mass index was computed as weight in kilograms divided by the
square of height in meters. Waist circumference and waist-to-hip ratio
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were also measured. Questions about physical activity at baseline re-
ferred to a woman’s usual pattern of activity, including walking and
recreational physical activity. A variable “current total leisure-time
physical activity” (MET-hours/week) was computed by multiplying the
number of hours per week of leisure-time physical activity by the me-
tabolic equivalent (MET) value of the activity and summing over all
types of activities [13].

BMI, which reflects overall adiposity, was categorized according to
the WHO classification: 18.5- < 25.0 kg/m2 – normal weight, 25.0-
< 30.0 kg/m2 – overweight, and ≥30.0 kg/m2 – obese. Waist cir-
cumference (WC), a measure of central adiposity, and waist-to-hip ratio
(WHR), a measure of the ratio of central to lower extremity adiposity,
were categorized into quartiles based on the distribution among non-
cases. Information on weight at earlier ages was available only for
participants in the Observational Study (n=92,557) and was used to
compute BMI at ages 18, 35, and 50. For this analysis, owing to the
reduced sample size, we created tertiles based on the distribution in
non-cases.

Clinical outcomes (including new cancer diagnoses) were updated
semiannually in the CT and annually in the OS using in-person, mailed,
or telephone questionnaires. Self-reports of malignancy, including
gliomas, were verified by central review of medical records and pa-
thology reports by trained physician adjudicators [14]. Among 161,119
WHI participants with anthropometric measurements, 217 cases of
glioma were ascertained over a median of 17.8 years of follow-up. Of
these, 164 had glioblastoma. Other gliomas included: mixed glioma,
ependymoma NOS, well-differentiated low-grade astrocytoma, ana-
plastic astrocytoma, and oligodendroglioma.

2.1. Statistical analysis

Cox proportional hazards models were used to estimate hazard ra-
tios (HRs) and 95% confidence intervals (CI) for the association of
anthropometric factors with risk of glioma and glioblastoma, using days
to event as the timescale. Participants who had not developed glioma
by the end of follow-up, who had died, or who withdrew from the study
before the end of follow-up were censored. Cases contributed person-

time to the study from their date of enrollment until the date of diag-
nosis, and non-cases (participants who were censored) contributed
person-time from their date of enrollment until the end of follow-up,
date of death, or date of withdrawal from the study, whichever came
first. Hazard ratios were computed by quartile of measured anthropo-
metric variables and by tertiles of self-reported body weight at earlier
ages. Covariates were selected for inclusion in the final model if their
inclusion changed the parameter estimate by> 10%. Pack-years of
smoking and use of hormone therapy did not improve the model and
were excluded. The final model included age (continuous), smoking
status (never, former, current), alcohol intake (servings/week – con-
tinuous), physical activity (metabolic equivalent tasks [MET]-hrs/wk
continuous, years of education (less than high school, high school
graduate/some college, college graduate, post-college), ethnicity
(white, black, other), and allocation in the clinical trial arms or ob-
servational study. A test for linear trend over quantiles of anthropo-
metric variables was performed by assigning the median value to each
category and modeling this variable as a continuous variable. In order
to account for women with a prevalent cancer at the time of enrollment,
we carried out a sensitivity analysis in which we excluded women who
reported a history of cancer at entry into the study. We tested the
proportional hazards assumption using PROC LIFETEST (SAS Institute).
The formal test for non-proportional hazards was not significant and the
log-log survival plots did not indicate any marked deviation from nor-
mality. All analyses were performed in SAS 9.4 (SAS Institute, Cary,
NC). All P-values are 2-sided.

3. Results

Glioma cases did not differ from non-glioma cases in terms of mean
age, smoking status, mean pack-years of smoking, alcohol intake, hor-
mone therapy, or physical activity. The proportion of whites was higher
among cases than among non-cases (93.5 vs. 82.7 percent, p= 0.0002).

In multivariable-adjusted analyses, HRs for glioma and, particularly
glioblastoma were somewhat elevated for the highest quartiles of the
anthropometric measures of interest (Table 1). There was a suggestion
of a non-significant trend, particularly for the association of BMI with

Table 1
Association of baseline anthropometric measures with risk of glioma and glioblastoma in the Women’s Health Initiative (n=161,119a).

Glioma (n cases= 217) Glioblastoma (n cases=164)

BMI (kg/m2)b N cases N non-cases HRd 95% CI N cases N non-cases HRd 95% CI

18.5–<25.0 70 54,827 1.00 Ref. 53 54,827 1.00 Ref.
25.0–<30.0 74 55,571 1.06 0.76–1.47 54 55,571 1.04 0.71–1.53
30.0–<35.0 43 29,684 1.21 0.81–1.79 33 29,684 1.25 0.79–1.97
≥35.0 25 18,582 1.30 0.81–2.08 20 18,582 1.46 0.86–2.50

Missing 5 106 4 106
P for linear trend 0.32 0.18

Waist circumference (cm)
<76.0 50 40,525 1.00 Ref. 33 40,525 1.00 Ref.
76.0-< 84.5 60 40,226 1.18 0.80–1.73 48 40,226 1.44 0.92–2.25
84.5-< 95.0 57 39,395 1.24 0.84–1.83 42 39,395 1.38 0.86–2.20
≥95.0 50 40,756 1.11 0.74–1.68 41 40,756 1.41 0.87–2.29

P for linear trend 0.66 0.25

WHRc

<0.76 47 39,855 1.00 Ref. 33 39,855 1.00 Ref.
0.76-< 0.80 59 39,846 1.22 0.83–1.80 44 39,846 1.28 0.81–2.01
0.80-< 0.86 53 40,044 1.22 0.82–1.81 41 40,044 1.30 0.82–2.06
≥0.86 56 39,725 1.34 0.90–2.00 44 39,725 1.45 0.92–2.30

Missing 2 694 2 694
P for linear trend 0.17 0.09

Abbreviations: HR–hazard ratio; 95% CI–95% confidence interval; BMI–body mass index; WHR–waist-to-hip ratio.
a Women with anthropometric measurements.
b 2,132 women with BMI < 18.5 or BMI missing.
c 740 women missing WHR measurement.
d Adjusted for age, smoking status, alcohol intake, physical activity, hormone therapy, years of education, ethnicity, and treatment status.
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glioblastoma and for WHR with glioma and glioblastoma. WC showed
no association with glioma, and HRs for glioblastoma were similar for
quartiles 2 to 4, showing no trend. None of the point estimates was
statistically significant, and none of the linear trends over quartiles was
significant. Associations with self-reported body weight at earlier points
in life (ages 18, 35, and 50), available on a subset of the population
(WHI observational study), showed no suggestion of an increasing trend
with either glioma or glioblastoma (Table 2). When measured BMI, WC,
and WHR were reanalyzed in this subgroup, no suggestive associations
or trends were seen for glioma or glioblastoma.

In the sensitivity analysis excluding women with prevalent cancer,
the associations with measured BMI, WC, and WHR with glioma and
glioblastoma were either unchanged or slightly attenuated (data not
shown). In particular, the monotonic trend for WHR with glioblastoma
was weakened (HR for 2nd to 4th quartiles: 1.32, 95% CI 0.82-2.14,
1.27, 95% CI 0.77-2.07, 1.35, 95% CI 0.82-2.23, respectively; p for
linear trend 0.30).

4. Discussion

In this large prospective study of postmenopausal women, there was
a suggestion of a modest and non-significant positive association of
measured BMI and WHR, but not WC, with risk of glioma and glio-
blastoma. Self-reported BMI earlier in life showed no association with
risk of adult glioma or glioblastoma.

Previous studies have found little evidence of an association of
adiposity with glioma. A meta-analysis [9] of 5 studies (4 cohort, 1
case-control) with a total of 2,725 cases of glioma, showed that BMI
was not associated with glioma: the summary relative risk (RR) for
overweight vs. normal weight was 1.06 (95% CI 0.94-1.20) and RR for
obesity was 1.11 (95% CI 0.98-1.27). The second meta-analysis [8],
which included only 3 studies (2 cohort and 1 case-control) with 2,418
cases of glioma, reported a positive summary association of BMI in
females (odds ratio/relative risk 1.17, 95% CI 1.03-1.32), but not in
males. However, this result appears to stem from two errors, which
appear in Fig. 5 of the publication [8]. First, the meta-analysis included
results for “BMI at age 21,” rather than “BMI in recent past” from the
Little et al. study [5]. BMI at age 21 showed a borderline significant
positive association, whereas BMI in recent past showed no association
(see Table 2, p. 1029 [5]). It is BMI in midlife that is the focus of the
meta-analyses. Second, the authors included data from an analysis of
the Nurses’ Health Study I by Holick et al. [15]. However, this paper

presented data on intake of fruits, vegetables, and carotenoids, but not
on BMI, in relation to glioma risk. (GCK contacted both the first and
second authors on the paper, and they both confirmed that their data on
BMI and glioma risk were not published). Therefore, the source of the
data for the two entries from the Holick et al. study (“Holick – NHS I,
females, 2007, 25.0-29.9” and “Holick – NHS I, females, 2007, ≥30.0”)
is unclear.

Since publication of the meta-analyses, results from a large
Norwegian cohort study [10] with 4,382 cases of glioma showed no
association of overweight or obesity with glioblastoma or any other
glioma subgroup; however, information on socioeconomic status and
other covariates was not available in this study.

Fewer studies have examined BMI in adolescence in relation to risk
of adult glioma [4,5]. The large relative risk for obesity relative to
normal BMI reported by Moore et al. [4] was based on 11 glioma cases,
and there was no suggestion of an elevated risk in the overweight ca-
tegory. In the case-control study by Little et al. [5], none of the odds
ratios for the 25-29.9 or ≥30 kg/m2 categories was statistically sig-
nificant in males or females, although the trend per unit increase in BMI
was statistically significant in females but not in males.

In the present study, there was a suggestion of increased risk, par-
ticularly for glioblastoma in association with BMI and WHR, although
the associations were not statistically significant due to small numbers.
There was no evidence of an increasing trend for the association of WC
with glioma or glioblastoma, in spite of the fact that measured WC is a
reliable indicator of central adiposity [16]. When we used self-reported
body weight at earlier time points, available on roughly half the study
population, there were no clear trends with glioma or glioblastoma.
This was also true when associations of measured BMI, WC, and WHR
were examined in this subgroup. However, women in the observational
study tended to have lower BMI compared to women in the clinical
trials, and this could have obscured a positive association.

It should also be mentioned that gliomas are a heterogeneous group
of tumors of different histopathologic types and different grades (1).
Our results are driven by the results for glioblastoma, the largest single
subgroup. However, the numbers of other types of glioma (diffuse as-
trocytomas, analplastic astrocytomas, pilocytic astrocytomas, and oli-
godendrogliomas), were too small to analyze separately.

Strengths of the present study include the prospective nature of the
study, central adjudication of all malignancies, standardized measure-
ment of anthropometric factors at enrollment, and the availability of
self-reported weight at earlier periods of life. Limitations include the

Table 2
Association of self-reported weight at different ages with risk of glioma in the Observational Study component of the Women’s Health Initiative (n= 91,150a).

Glioma (n cases= 115) Glioblastoma (n cases= 86)

HRb 95% CI HRb 95% CI

BMI (kg/m2) at age 18
<19.4 31 30,465 1.00 Ref. 25 30,465 1.00 Ref.
19.4 –21.3 45 30,822 1.28 0.81–2.03 33 30,822 1.11 0.71–1.72
≥21.3 39 29,731 1.28 0.80–2.04 28 29,731 1.01 0.63–1.61

P for linear trend 0.33 0.97

BMI (kg/m2) at age 35
<20.8 37 30,352 1.00 Ref. 28 30,352 1.00 Ref.
20.8–<22.9 43 30,122 1.14 0.73–1.77 31 30,122 1.11 0.71–1.72
≥22.9 35 30,472 1.04 0.65-1.66 27 30,472 1.01 0.63–1.61

P for linear trend 0.92 0.99

BMI (kg/m2) at age 50
<22.1 39 30,254 1.00 Ref. 30 30,254 1.00 Ref.
22.1–<25.1 47 30,328 1.21 0.79–1.86 35 30,328 1.17 0.72–1.92
≥25.1 28 30,454 0.84 0.51–1.39 21 30,454 0.87 0.49–1.56

P for linear trend 0.46 0.60

Abbreviations: HR – hazard ratio; 95% CI – 95% confidence interval; BMI – body mass index.
a Women with self-reported weight earlier in life.
b Adjusted for age, smoking status, alcohol intake, physical activity, years of education, and ethnicity.
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relatively small number of cases and the fact that, due to restriction of
the study to postmenopausal women, glioma cases occurring in women
below age 50 were not captured.

In conclusion, we found a suggestion of a modest positive associa-
tion of measured BMI and WHR, but not WC, with risk of glioma and
glioblastoma. Self-reported BMI earlier in life showed no association
with increased risk. Based on available evidence, it is unlikely that
adiposity represents an important risk factor for glioma.
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To identifywhat features of online social networks can increase physical activity,we conducted a 4-arm random-
ized controlled trial in 2014 in Philadelphia, PA. Students (n= 790, mean age= 25.2) at an university were ran-
domly assigned to one of four conditions composed of either supportive or competitive relationships and either
with individual or team incentives for attending exercise classes. The social comparison condition placed partic-
ipants into 6-person competitive networkswith individual incentives. The social support condition placed partic-
ipants into 6-person teamswith team incentives. The combined condition with both supportive and competitive
relationships placed participants into 6-person teams, where participants could compare their team's perfor-
mance to 5 other teams' performances. The control condition only allowed participants to attend classes with in-
dividual incentives. Rewards were based on the total number of classes attended by an individual, or the average
number of classes attended by themembers of a team. The outcomewas the number of classes that participants
attended. Data were analyzed using multilevel models in 2014. The mean attendance numbers per week were
35.7, 38.5, 20.3, and 16.8 in the social comparison, the combined, the control, and the social support conditions.
Attendance numbers were 90% higher in the social comparison and the combined conditions (mean= 1.9, SE=
0.2) in contrast to the two conditionswithout comparison (mean=1.0, SE=0.2) (p=0.003). Social comparison
wasmore effective for increasing physical activity than social support and its effects did not depend on individual
or team incentives.

© 2016 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).

Keywords:
Exercise
Internet
Network
Online social networks
Social comparison

1. Introduction

Physical inactivity significantly increases the risk of chronic disease
(Lee et al., 2001; Sattelmair et al., 2011) and mortality (Nocon et al.,
2008; Wen et al., 2011). Low levels of physical activity among young
adults remains a serious nationwide problem, with 69% of Americans
18 to 24 years of age failing to meet the federal guidelines for physical
activity in 2014 (National Center for Health Statistics, 2015). Among
all the social and environmental factors affecting physical activity
(Addy et al., 2004; Martin and Savla, 2011), interpersonal social
networks are one of themost prominent targets for cost-effective inter-
ventions (Maher et al., 2015). Online social networks, in particular, have
become a highly attractive target for large scale health initiatives
(Centola, 2013; Cobb and Graham, 2012); however, there is insufficient
knowledge about why online networks might be effective sources of
social influence for improving physical activity levels. One prominent
argument in the literature on networks and health suggests that online

relationships improve physical activity through supportive interactions
that encourage healthy behaviors (Centola, 2010, 2011). An alternative
approach stresses peer competition within online networks, emphasiz-
ing the value of social comparison as a mechanism for increasing indi-
viduals' receptiveness to positive behavioral influences (Foster et al.,
2010). We evaluate the effects of each of these approaches indepen-
dently, and in combination, to determine how socialmotivations for be-
havior change directly impact people's exercise activity.

Social support is one of the most widely used and studied strategies
for encouraging behavior change in social networks (Berkman et al.,
2000). When people with similar interests interact to achieve a shared
goal, social support can reduce the perceived costs of adopting a new
exercise routine by providing companionship in the activity (Cavallo
et al., 2014; Uchino, 2004). Further, social support reduces the uncer-
tainty of exploring new exercises by providing access to relevant
sources of peer information (Wing and Jeffery, 1999). Thus, cooperative
online relationships, where peoplework towards the same health goals,
can foster collective efficacy for improving everyone's levels of physical
activity (Cohen et al., 2006).

While social support via cooperative relationships may promote
physical activity, an alternative approach utilizes social comparison via
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competitive social relations (Foster et al., 2010; Zhang et al., 2015). So-
cial comparison strategies are implicit in fitness and exercise programs
that use rankings, leader boards, and social status markers to increase
physical activity (Festinger, 1954). In these competitive environments,
people work towards their goals individually, and differences in goal at-
tainment motivate individuals to adjust their aspirations upward. The
dynamic process of comparing oneself to others increases everyone's
expectation for goal attainment and eventually improves overall levels
of physical activity (Leahey et al., 2012; Shakya et al., 2015).

The number of online social network health interventions has in-
creased dramatically in recent years (Laranjo et al., 2015; Maher et al.,
2014; Williams et al., 2014). However, the independent causal effects
as well as the interaction effects of these two contrasting approaches
have not been identified (Cavallo et al., 2012; Napolitano et al., 2013;
Neiger et al., 2012). As a result, there is very little guidance as to how
these approaches might be used in applied settings to maximize social
resources for increased fitness. This is particularly striking in light of
recent meta-analyses of online social network health interventions,
which have been inconclusive both on identifying which approaches
are most effective, and regardingwhether there are any systematic net-
work strategies that can reliably be used to promote physical activity
(Maher et al., 2014).

These problems of identification are compounded by the fact that
the vast majority of research on online social networks and behavior
change supplements social motivations with non-social incentives,
such as health education and behavior tracking (Korda and Itani,
2013;Williams et al., 2014). This introduces interaction effects that pre-
vent the identification of how, or whether, social factors can directly
motivate behavior change. These shortcomings raise serious theoretical
difficulties for developing consistent and replicable theories of how on-
line social networks impact physical activity. They also limit the ability
to apply online social network interventions to specific behavioral set-
tings, where clear guidelines are required in order to implement effec-
tive interventions. We addressed these problems by conducting a
double-blind four-arm randomized controlled study that compared
the effects of social support and social comparison on increasing physi-
cal activity.

2. Methods

2.1. Study design

An 11-week online social network-based exercise program called
SHAPE-UP was conducted at a Northeastern university. The program
offered 90 exercise classes. On average, eight classes were offered
per week on the University's campus, and each class lasted for an
hour. Class content covered both aerobic and muscle-strengthening
physical activities, including running, spinning, yoga, Pilates, weight
lifting, high intensity interval training, and group exercising. All clas-
ses were led by instructors from the Department of Recreation and
Health Services (DRHS) at the University. Participation in all classes
was restricted to the program participants. At the conclusion of the
program, participants were rewarded with gift cards for their partic-
ipation based on the cumulative number of exercise classes they
attended.

All participants in the program received access to the SHAPE-UP
website, which was the only way for participants to enroll in classes
and to interact with the program. Each participant created an online
profile including username, gender, age, and their University affiliation.
All participants had continuous and equal access to the website. To
register for an exercise class, participants selected available classes
from an interactive calendar that provided a brief class description
and a registration tool. Upon registering, participants immediately re-
ceived a confirmation email, and a reminder email was sent 12 h before
each class started. An online tracking tool provided all participants with
a daily journal of their exercise classes.

Upon logging into the website for the first time, participants were
randomly assigned to one of four experimental conditions. Fig. 1 illus-
trates the four experimental conditions and Table 1 summarizes the
different intervention components of the four conditions. Participants
in the control condition were given the basic website for registering
for classes. The control participants were provided with no social moti-
vations, and were rewarded at the end of the program based on their
individual record of attendance at exercise classes. The top 10% of par-
ticipants in the condition were rewarded $20 gift cards at the end of
the program. Three different experimental manipulations supple-
mented the control condition by providing online peer networks with
different social incentives that might increase participation.

The social comparison condition supplemented the basic class regis-
trationwebsite by giving participants access to 6-person peer networks.
Each participant in this conditionwas randomly assigned 5 peers, which
comprised 5 members of the study who were connected to the partici-
pant in a program-generated social network. Participants in this condi-
tion were able to compare their performance in the programwith their
peers via a competitive ranking based on their peers' activity levels. As
in the control condition, at the conclusion of the program, the rewards
for participants were based on each participant's individual record of
class attendance. The top 10% of participants in the condition were
rewarded $20 gift cards at the end of theprogram. All peers' information
was anonymous, and there was almost no possibility for direct commu-
nication between participants in this condition online or offline.

By contrast, the social support condition was designed to provide
participants with direct peer support from other members of the pro-
gramwho could encourage each other to improve their levels of regular
exercise. Participants in this condition were randomly assigned to 6-
person teams. At the completion of the program, rewards were based
on the team's collective activity levels, incentivizing team members to
actively support each other's attendance at exercise classes. All mem-
bers in the top 10% of teams in the condition were rewarded $20 gift
cards at the end of the program. To facilitate supportive social interac-
tion, participants in the social support condition were provided with a
chatting tool that they could use to directly communicate with each
other in real-time. Team members could see both each other's individ-
ual records of class attendance as well as the collective record of the
team. Participants in this conditionwere able to register for classes individ-
ually, but they could also coordinate to register for classes collectively.

Finally, to understand if there was an interaction effect of combining
the motivations of social support and social comparison, the combined
condition randomly placed individuals on 6-person teams and provided
the same team incentives and technologies as the social support condi-
tion; however this conditionwas supplementedwith a competitive fea-
ture, in the form of an interface that allowed participants to compare
their team's performance against the performances of 5 other teams.
All members in the top 5% of teams in the condition were rewarded
$20 gift cards at the end of the program.

In these three conditions with online networks, participants in the
same network also received real-time web and email notifications
about their peers' registration and attendance of classes. For instance,
when a networkmember attended a class, all of her peerswould receive
a notification about her class attendance. This signaling system was
identical for all online networks across conditions.

2.2. Study participants

The SHAPE-UP program was open to all graduate and professional
students at the University who were 18 years or older. Participants
were recruited through advertisements on the University's website,
through the student email list, via advertisements from the graduate stu-
dent association, andwith paper flyers placed on billboards around cam-
pus. The recruitment materials specified that the purpose of the project
was to improve participants' quality of life through better fitness. Eligibil-
ity for enrollment in the study was determined by a physical assessment
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conducted by the DRHS. Each participant completed a screening
questionnaire (Canadian Society for Exercise Physiology (CSEP), 2002)
designed to identify adults for whom physical activity might be inappro-
priate. The assessment lasted for 10 min and also measured participants'
physical endurance, strength, and Body Mass Index (BMI).

Participant enrollment and assessments were conducted from
August through September 2014. Eligible participants completed a
baseline online survey assessing demographic and organizational infor-
mation including gender, age, race, University department, and gym
membership. In addition, we assessed participants' baseline physical ac-
tivity with 3 items the Centers for Disease Control and Prevention
(2001) developed concerning the number of days in which people par-
ticipate in vigorous physical activity for at least 20min, moderate activ-
ity for at least 30min, and strength-building activities in the past 7 days.
Participants were defined as meeting the 2008 federal physical activity
guideline (Department of Health and Human Services, 2008) if they
engaged in strength-building activity on at least 2 days and engaged
in either 20min of vigorous activity on at least 4 days or 30min of mod-
erate activity on at least 5 days.

In the RCT design, computer-generated random number sequences
were used to randomly assign participants to the 4 experimental condi-
tions after the baseline assessments. The random assignments were
generated using the statistical software R, version 3.1.2.

Classes were held from September 2014 through December 2014.
Participants and class instructors were blind to experimental assign-
ments. Data collection was completed by December 2014. The study
was approved by the institutional review board of the University, and
all participants provided informed consent.

2.3. Outcome

The outcome of interest was the total number of exercise classes that
participants attended throughout the 11-week program. Complete

attendance data for all classes were provided by class instructors. In-
structors collected individual attendance data with student emails and
entered them into an online database. The attendance records then
automatically showed up on participants' websites in real time. Atten-
dance data were collected on site of each exercise class.

2.4. Statistical analysis

A sample size of 688 was planned because 172 participants per
condition could achieve at least 90% power to detect a small to medium
effect size of 0.35 (Cavallo et al., 2012; Foster et al., 2010; Zhang et al.,
2015) in class attendance difference at the 5% significance level. The
preliminary analysis consisted of an analysis of variance to examine
the effects of social support and social comparison on the outcome,
class attendance. However, it did not account for data clustering in the
online networks. In each of the conditions with online networks,
individuals received the treatment as members of a fully-connected
network of 6 individuals, thus the primary analyses employed a multi-
level regression model to account for the clustering of the treatment
within these groups. The multilevel model included the social support
and the social comparison factors, the support × comparison interac-
tion, and covariates of baseline demographics. All analyses used the
intention-to-treat principle and considered all participants who were
randomly assigned to a condition, regardless of whether or not they re-
ceived the treatment. All analyses were conducted in R, version 3.1.2.

3. Results

Of the 1007 participants who registered for the program, 790
attended the fitness evaluation andwere randomly assigned to a condi-
tion. Fig. 2 shows the flow of participants. A total of 750 participants re-
ceived at least one treatment exposure, as indicated by logging-in to the
website. The attrition rates for participants receiving the treatment

Fig. 1. Example webpage illustrations for the four experimental conditions in the trial, Philadelphia, PA, 2014.

Table 1
Intervention components in the four experimental conditions in the trial, Philadelphia, PA, 2014.

Intervention components Control Support Comparison Combined

SHAPE-UP website with an interactive calendar for class registration x x x x
Online networks with real-time web and email notifications of peer activities x x x
Online chatting tool x x
Access to performance rankings of other peers or other teams x x
Rewards based on individual performance x x
Rewards based on team performance x x
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were statistically indistinguishable across all conditions, with 95% of all
participants receiving the treatment.

Table 2 shows participants' characteristics. Participants ranged in
age from 20 to 59 years (mean = 25.2, SD = 3.4), and ranged in BMI
from16.1 to 45.0 (mean=23.0, SD=3.8). In total, 454 (57.47%) partic-
ipants did notmeet the physical activity guideline. Therewere no signif-
icant differences in participants' characteristics at baseline across
conditions.

Participants showed high levels of engagement with the website,
averaging 22.8 logins (SD = 47.2) across all conditions during the pro-
gram. Participants in the social support condition generated 81 online
messages and participants in the combined condition generated 80
messages. Themajority of themessages provided informational support
regarding participants' plans for attending classes, their experiences,
and opinions about the classes.

The number of exercise classes that each participant attended
ranged from 0 to 39 classes. Attendance rates were 90% higher in the
social comparison and the combined conditions (mean = 1.9,
SE = 0.2) in contrast to the two conditions without social comparison
(mean = 1.0, SE = 0.2). Both the social comparison and the combined
conditions had significantly highermean attendance rates (mean=1.9,

SE = 0.3 and mean = 1.9 SE = 0.2, respectively) than the control
(mean = 1.1, SE = 0.3), while social support surprisingly performed
worse (mean = 0.9, SE = 0.2). An analysis of variance shows that the
presence of social comparison significantly increased activity levels
(F = 8.96, p = 0.003, Cohen's D = 0.21). In contrast, the presence of
social support did not significantly affect participants' exercise levels
(F = 0.04, p = 0.85, Cohen's D = 0.01). There was no interaction be-
tween the two factors (F = 0.18, p = 0.67).

Table 3 presents results of the multilevel models that accounted for
network-level influenceswithin each condition. On average, social com-
parison increased attendance by 82% [95% CI: −5%, 168%], or 0.97 clas-
ses per participant (p = 0.07). After adjusting for baseline covariates,
social comparison increased attendances by 62% [95% CI: 5% to 119%],
or 1.06 classes per participant (p = 0.03). In contrast, social support
had no significant effect (p=0.68). Additionally, the non-significant in-
teraction between support and comparison suggests that social support
did not contribute to the increased attendance rates in the combined
condition. The success of the combined condition can be thus attributed
to the effects of team-based social comparison.

Themean class attendances per weekwere 35.7, 38.5, 20.3, and 16.8
in the social comparison, the combined, the control, and the social

Fig. 2. Flow diagram of participants through the trial.

Table 2
Baseline demographic characteristics of participates per experimental condition, Philadelphia, PA, 2014.

Participants (N) Total 790 Control 202 Support 192 Comparison 198 Combined 198 p values

Age (years; M [SD]) 25.2 [3.4] 25.0 [2.7] 25.4 [3.5] 25.3 [3.8] 25.1 [3.5] 0.539c

Male sex (N [%]) 25.9 27.2 26.5 28.3 21.7 0.455d

Body Mass Index (kg/m2; M [SD]) 23.0 [3.8] 22.9 [4.0] 22.8 [3.6] 23.4 [3.8] 22.9 [3.7] 0.259c

Overweight (BMI [25.0–29.9]; N [%]) 124 [15.7] 26 [12.9] 30 [15.6] 37 [18.7] 31 [15.7] 0.465d

Obese (BMI ≥ 30; N [%]) 42 [5.3] 14 [6.9] 9 [4.7] 10 [5.1] 9 [4.5] 0.547d

Met physical activity guideline (N [%])a 336 [42.5] 87 [43.1] 80 [41.7] 83 [41.9] 85 [42.9] 0.998d

Race (N [%])b 0.448d

White 352 [44.6] 88 [43.5] 85 [44.3] 100 [50.5] 79 [39.9]
Black 58 [7.3] 14 [7.9] 12 [6.2] 13 [6.6] 19 [9.6]
Hispanic 62 [7.8] 15 [7.4] 12 [6.3] 12 [6.1] 23 [11.6]
Asian 287 [36.3] 73 [36.1] 76 [39.6] 61 [30.8] 77 [38.9]

a Participantsmet the guideline if they engaged in strength-building activity on at least 2 days and engaged in either 20min of vigorous activity on at least 4 days or 30min ofmoderate
activity on at least 5 days.

b The omitted race category is “Other.”
c The p values were based on one-way analyses of variance.
d The p values were based on chi-squared tests.
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support conditions. Fig. 3 plots cumulative class attendance in each con-
dition. Both of the conditions with social comparison (i.e., comparison
and combined) showed significantly higher levels of attendance each
day, averaging 5.1 and 5.5 people attending exercise classes per day,
respectively. Both were significantly higher than the average of 2.9 at-
tendances per day (p b 0.001) in the control condition. Class attendance
in the support condition grew at a significantly slower rate than in the
control condition, averaging only 2.4 attendances per day (p b 0.001),
suggesting that social support reduced daily exercise rates as compared
to the control condition.

4. Discussion

Despite the proliferation of online social network health inter-
ventions, social influence processes underlying social network

effects have remained poorly understood. In this study, we found
that social comparison in online networks provided a significantly
greater source of social incentives for increasing physical activity than
social support. Exposing individuals to relevant reference points,
whether those reference points were other individuals or other teams,
increased responsiveness to the physical activity of their peers. As a re-
sult, attendance at exercise classes was greatest in conditions where in-
dividuals and teams were motivated to exercise through competitive
social relationships.

Physical activity in the social comparison and control conditionswas
incentivized based on individual rewards for exercising, while activity in
the support condition was incentivized based on group rewards. The dif-
ferences between the social comparison and social support conditions
suggest that the observed reduction in activity in the support condition
may be due to the ineffectiveness of collective rewards formotivating ex-
ercise. However, exercise levels were greatest in the combined condition,
which also used collective rewards to incentivize participation.Moreover,
the comparison condition and the combined condition generated nearly
identical levels of exercise activity. This suggests that differences in incen-
tives did not affect participants' exercise levels (Halpern et al., 2015;
Jeffery et al., 1983; Leahey et al., 2012). Both individual and team rewards
were equally effective for motivating activity.

A significant advantage of the four-arm experimental design is the
ability to identify the independent and combined effects of social sup-
port and social comparison. A two-arm experiment that contrasted,
e.g., the social support and social comparison conditions, or the com-
bined condition with the control condition, would have been likely to
produce incorrect inferences. For instance, in a two-arm experimental
test between the combined condition and the control condition, it
would appear as if social support (via teammemberships)was effective
at motivating increased participation. The four-way comparison be-
tween the control condition, social support, social comparison and the
combined condition shows the opposite to be true – teammemberships
were effective for social comparison, but not for social support. It is only
when the combined condition is compared independently with the so-
cial comparison condition that team memberships are shown not to
produce any additional support-based motivations to exercise.

The strengths of this experimental design also entail limitations on
the scope of the study. Most notably, while online networks typically
evolve through endogenous social selection based on similar interests
or characteristics, we artificially constructed the online networks used
in this study. While this allowed us to ensure that there were no con-
founding effects from exogenous social information, it raises the poten-
tial concern that endogenous tie selection might create networks that
were stronger sources for more effective generation of social support.
In other words, our design might underestimate the effects of social
support networks. Another limitation is that, although we created dif-
ferent social incentives in the experimental conditions, we did notmea-
sure psychological variables after the intervention, including perceived
social support and social comparison. Thus,wewere not able to conduct
mediation analyses to test whether the intervention effects were medi-
ated through hypothesized mechanisms. It was possible that the com-
parison incentive also increased participants' perceived descriptive
social norms regarding physical activity as participants might pay
more attention to other peers' efforts under the competitive mindset.
Similarly we were not able to quantify the extent of class registration
coordination among teammembers. Future research can extend our de-
sign with mediation surveys to identify the hypothesized psychological
variables andwith process evaluations to quantify participants' engage-
ment with different components of the program. Finally, findings from
this study sample are based on young adults from one university and
may not be generalizable to other segments of the broader population.
Future research can apply this design to study other population samples
in other social contexts, as well as to study additional outcomes mea-
sures (e.g., body weight and muscle strength) that might be studied
over longer periods of time.

Table 3
Multilevel models for the effects of experimental conditions on exercise class attendance,
Philadelphia, PA, 2014.

Class attendance

Unadjusted for covariates
Estimate
(95% CI)

Adjusted for covariates
Estimate
(95% CI)

Comparison 0.97⁎ 1.06⁎⁎

(−0.06, 2.00) (0.08, 2.04)
Support −0.17 −0.21

(−1.21, 0.88) (−1.21, 0.79)
Comparison × support 0.18 0.06

(−1.38, 1.74) (−1.43, 1.55)
Constant 1.19⁎⁎⁎ 1.72

(0.56, 1.82) (−1.38, 4.82)
Observations (N) 790 789
Log likelihood −2,309.55 −2,271.03
Akaike Inf. Crit. 4,631.10 4,594.05
Bayesian Inf. Crit. 4,659.14 4,715.49

Notes: Covariates included age, gender, race, department, and having a gymmembership
in the previous semester. The difference in sample sizes arises from onemissing data point
for age.
⁎ Boldface indicates statistical significance at p b 0.1.
⁎⁎ Boldface indicates statistical significance at p b 0.05.
⁎⁎⁎ Boldface indicates statistical significance at p b 0.01.

Fig. 3. Cumulative attendance at exercise classes in each of the four conditions.
***p b 0.001.
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Our results suggest that networks that emphasize social comparison
among members can be surprisingly effective for motivating desirable
behaviors. The results from the combined condition, where adding
team performances to a supportive environment significantly increased
exercise levels, suggest that the introduction of a minimal competitive
reference point into an otherwise support-based environment can
change ineffective health networks into highly motivating social re-
sources. Healthcare providers, online fitness programs, and peer-to-
peer communities for improving patient health all seek ways to struc-
ture social interactions among their members to provide the greatest
incentives for adopting and maintaining health behaviors. Social com-
parison might be harnessed to address a variety of other health issues
such as medication compliance, diabetes control, smoking cessation,
flu vaccinations, weight loss, and preventative screenings (Centola,
2013). Future research can extend our approach to test whether the
strong effect of social comparison through constructed online networks
can be realized in health promotion domains other than physical
activity.
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A B S T R A C T

Melatonin is a physiological indoleamine involved in circadian rhythm regulation and it is currently used for
secondary sleep disorders supported by empirical evidence. A small amount of evidence and some controversial
results have been obtained in some randomized controlled trials (RCT). The objective of this meta-analysis is to
determine the efficacy of exogenous melatonin versus placebo in managing secondary sleep disorders. Literature
retrieval of eligible RCT was performed in 5 databases (PubMed, Embase, Cochrane Library, ClinicalTrials.gov,
and Web of Science). In total, 7 studies of 205 patients were included. Pooled data demonstrate that exogenous
melatonin lowers sleep onset latency and increases total sleep time, whereas it has little if any effect on sleep
efficiency. Although, the efficacy of melatonin still requires further confirmation, this meta-analysis clearly
supports the use of melatonin as a management for patients with secondary sleep disorders.

1. Introduction

Sleep disorders, or somnipathy, are serious public health problems
that cause a prominent economic burden worldwide. More than 10%
individuals in Western societies have sleep disorders (Auld et al., 2017;
Gervais et al., 2017). Conventional drugs usually have a short half-life
and a hangover effect that might contribute to a poor compliance
(Walters and Lader, 1971). Implementation of non-pharmacotherapy
such as cognitive and relaxation therapy is usually a complex process
influenced by multiple factors. Thus, an exogenously-administered
agent that mimics the actions of an endogenous molecule might serve to
cure or improve sleep disorders.

Melatonin, discovered by Aaron Lerner, is an chronobiotic that
modulates circadian rhythms (Suhner et al., 2001; Keijzer et al., 2014)
and has a wide variety of other functions (Carrier et al., 2017; Reiter
et al., 2017, 2014; Yang et al., 2014; Yu et al., 2018). In humans,
melatonin enhances darkness-related behavior and induces soporific
effects. For example, melatonin has been tested in secondary sleep
disorders (namely secondary insomnia) caused by sleep restriction (e.g.,

shiftwork, jet lag) without organic diseases (Buscemi et al., 2006; Liira
et al., 2014). Previous studies have demonstrated that melatonin has a
hypnotic action on secondary sleep disorders (Sadeghniiat-Haghighi
et al., 2016; Suhner et al., 2001; Yoon and Song, 2002) with no known
adverse effects (Suhner et al., 2001; van Geijlswijk et al., 2010).

Primary sleep disorders are rarely markedly improved by exogenous
drug treatment, as a result of the existence of protopathy (Zhang et al.,
2016). A previous meta-analysis by Buscemi reported that melatonin is
ineffective in relieving sleep problems. Buscemi et al. (2006) explored
sleep disorders resulting from organic and non-organic factors and
concluded that melatonin has no effects, which contradicts the con-
clusions of some randomized controlled trials (RCT) (Sadeghniiat-
Haghighi et al., 2016; Suhner et al., 2001; Wright et al., 1998). Sample
sizes of previously published studies were usually small and the results
were inconsistent (Beaumont et al., 2004; Folkard et al., 1993; Suhner
et al., 2001). However, some of the recent findings published suggest
that melatonin is a potent drug candidate for secondary sleep disorders
(Sadeghniiat-Haghighi et al., 2016; Suhner et al., 2001; Yoon and Song,
2002). Thus, an updated meta-analysis with a different focus is needed
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to provide the latest evidence for clinical psychiatrists and neurologists.
This systematic review summarizes the current data that investigated
the roles of exogenous melatonin, versus placebo, in the treatment of
secondary sleep disorders.

2. Methods

2.1. Study protocol

This meta-analysis was conducted according to the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA)
(Moher et al., 2009).

2.2. Search strategy

A systematic search was performed on PubMed, Embase, Cochrane
Register for Systematic Reviews databases, ClinicalTrials.gov, and Web
of Science with no language limitations (published between Jan 1, 1950
and Sep 19, 2017). Search terms included “melatonin”, or “5-methox-
ytryptamine”, or “ramelteon” in combination with “sleep disorders”, or
“sleep disturbance”, or “sleep dysfunction”. For example, the search
strategy in PubMed was as follows: “((melatonin[MeSH Terms] OR
methoxytryptamine[Text Word])) AND (sleep disorder[MeSH Terms]
OR secondary sleep disorder[Text Word] OR sleep dysfunction[Text
Word] OR sleep disturbance[Text Word] OR sleep[Text Word])) AND
(random allocation[MeSH Terms] OR randomized[Text Word] OR
randomly[Text Word] OR placebo[Text Word] OR crossover[Text
Word] OR cross-over[Text Word])”. Moreover, the references of re-
levant studies, reviews, editorials, letters, and conference abstracts
were also searched. The research work was done independently and in
duplicate.

2.3. Eligibility criteria

Studies meeting the following criteria were included: (a) study de-
sign is double-blind RCT (crossover or parallel); (b) populations were
adult patients with secondary sleep disorders secondary accompanying
sleep restriction; (c) intervention comparisons of melatonin versus
placebo; (d) outcomes analyzed for nocturnal sleep without diurnal
disturbance; (e) enrolled studies report any or all of the following
nocturnal sleep outcomes: I. sleep onset latency (the length of time
between full wakefulness to sleep onset), II. total sleep time (total time
spent asleep in bed), III. sleep efficiency (total sleep time/total time
spent in bed). Sleep onset latency was the primary outcome. Total sleep
time and sleep efficiency were secondary outcomes.

The exclusion criteria were: (a) articles not peer-reviewed or pub-
lished; (b) populations that included children (< 18 years); (c) studies
that were repeatedly published or had qualitative outcomes; (d) out-
comes that analyzed daytime instead of the night sleep. There was no
limit on sample size, trial duration, et al. Preliminarily, retrieved results
were subjected to a title and abstract screening for inclusion by two
independent reviewers (Li & Jiang). Full-text retrieval was performed to
determine eligibility using a standardized data abstraction form by the
two independent reviewers. Disagreements regarding the inclusion of
studies were discussed between the two reviewers (Li & Jiang) and
ultimately decided by the third reviewer (Han).

2.4. Data extraction

Two reviewers (Li & Jiang) independently extracted relevant data
with a standardized form, including study characteristics and main
outcomes. Disagreement was resolved through discussion with a third
author (Han). Characteristics of patients such as age, research site,
sample size, study design, duration, dosage, and clinical outcomes were
collected. Clinical outcomes included continuous variables of sleep
onset latency (mean [SD]), total sleep time (mean [SD]), and sleep

efficiency (mean [SD]). Two reviewers also independently assessed the
risk of bias of enrolled studies using The Cochrane Collaboration’s tool
for assessing risk of bias (Higgins et al., 2011). Three types of risk (low
risk of bias, unclear risk of bias, and high risk of bias) were identified
depending on the following domains: (a) random sequence generation
(selection bias), (b) allocation concealment (selection bias), (c) blinding
of participants and personnel (performance bias), (d) blinding of out-
come assessment (detection bias), (e) incomplete outcome data (attri-
tion bias), (f) selective reporting (reporting bias), (g) other biases.
Disagreement was resolved by a third reviewer (Han).

2.5. Statistical analysis

The efficacy of exogenous melatonin versus placebo was evaluated
on three continuous outcomes: sleep onset latency (mean [SD]), total
sleep time (mean [SD]), and sleep efficiency (mean [SD]). We calcu-
lated results for continuous outcomes as mean differences (MD) with
95% confidence intervals (CI), comparing the change from baseline for
both melatonin and placebo. All tests were two tailed and a P value of
less than 0.05 was deemed statistically significant. Data were analyzed
by the latest Cochrane collaboration Review Manager analysis software
version 5.3 (The Nordic Cochrane Center, Copenhagen, Denmark).
According to the knowledge from evidence-based medicine and
Cochrane Handbook for Systematic Review of Interventions (version
5.1), the weight of enrolled studies depends on the value of mean, [SD],
and total sample size. The Z-test determined an overall significance of
therapeutic effect versus placebo with values of P < 0.05.
Heterogeneity was assessed using chi-squared test and I2 test in ac-
cordance with Cochrane collaboration's guidance for assessing hetero-
geneity in meta-analyses. Data were considered heterogeneous if chi-
squared test yielded P < 0.10 and I > 50%. Random effects model
(REM) was utilized when heterogeneity was absent; otherwise, the fixed
effects model (FEM) was chosen. If we identified sufficient trials
(N≥ 10), a funnel plot was utilized to test potential publication bias.

3. Results

3.1. Study characteristics

The initial search by two reviewers (Li & Jiang) identified 1223
database records and 13 additional records (Fig. 1). 900 records re-
mained after removing 336 duplicates. Then, the title and abstract of
remained literature were screened, and 812 records were excluded due
to review article, meta-analyses/systematic review, case-control stu-
dies, cross sectional studies, or unrelated topics. Thereafter, 88 full-text
articles were assessed for eligibility and 81 records were excluded with
reasons: children (n= 21), insufficient end points (n= 32), non-ran-
domized studies (n= 10), and irrelevant reports (n= 18). Eventually,
7 RCT (Beaumont et al., 2004; Folkard et al., 1993; James et al., 1998;
Sadeghniiat-Haghighi et al., 2016; Suhner et al., 2001; Wright et al.,
1998; Yoon and Song, 2002) were included, their characteristics were
listed in Table 1.

3.2. Systematic review

These 7 studies of 205 participants were conducted in USA (n=4)
(Beaumont et al., 2004; James et al., 1998; Suhner et al., 2001; Wright
et al., 1998), England (n= 1) (Folkard et al., 1993), Republic of Korea
(n= 1) (Yoon and Song, 2002), and Iran (n=1) (Sadeghniiat-Haghighi
et al., 2016), published between 1993 and 2016 (Table 1). All studies
were double-blind RCT that used standard experimental/control groups
(melatonin/placebo). The mean age of participants ranged from 29
(Folkard et al., 1993; James et al., 1998; Yoon and Song, 2002) to 41.3
(Suhner et al., 2001). The sample size ranged from 12 (Yoon and Song,
2002) to 74 (Suhner et al., 2001). Participants include medical staffs
(James et al., 1998; Wright et al., 1998; Yoon and Song, 2002), police
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(Folkard et al., 1993), workers (Sadeghniiat-Haghighi et al., 2016) after
shift-work, and pilots (Beaumont et al., 2004), travelers (Suhner et al.,
2001) after jet lag.

All studies reported the efficacy of melatonin in sleep onset latency.
3 studies reported the efficacy of melatonin in total sleep time
(Beaumont et al., 2004; Sadeghniiat-Haghighi et al., 2016; Yoon and
Song, 2002). 3 studies reported the efficacy of melatonin in sleep effi-
ciency (Beaumont et al., 2004; Sadeghniiat-Haghighi et al., 2016; Yoon
and Song, 2002). The dosage of melatonin ranged from 3 (Sadeghniiat-
Haghighi et al., 2016) to 6mg (James et al., 1998; Yoon and Song,
2002), among which 5mg was the most frequently used (Beaumont
et al., 2004; Folkard et al., 1993; Suhner et al., 2001; Wright et al.,
1998). The duration of treatment ranged from 3 (Sadeghniiat-Haghighi
et al., 2016) to 9 days (Beaumont et al., 2004).

3.3. Sleep onset latency

Sleep onset latency is the primary outcome in this meta-analysis. All
studies assessed the efficacy of melatonin in sleep onset latency. Pooled
analysis of 7 studies (N=154) demonstrate that exogenous adminis-
tration of melatonin lowers sleep onset latency (Total mean difference:
−2.48min, 95% CI: −4.56, −0.40, Fig. 2), versus placebo. The overall
estimated score of melatonin treatment is significant (Z= 2.33,
P=0.02). No significant heterogeneity was present across these studies
(Chi2= 7.54, P=0.27, I2= 20%).

3.4. Total sleep time

Total sleep time was the secondary outcome in this meta-analysis. 3
studies reported the efficacy of melatonin in total sleep time (Beaumont
et al., 2004; Sadeghniiat-Haghighi et al., 2016; Yoon and Song, 2002).
Analysis of the 3 studies (N=71) suggest that exogenous administra-
tion of melatonin increases total sleep time (Total mean difference:
29.27min, 95% CI: 6.68, 51.86, Fig. 3). The overall estimated action of
melatonin is significant (Z= 2.54, P= 0.01). No significant hetero-
geneity was present across the 3 studies (Chi2= 2.71, P=0.26,
I2= 26%).

3.5. Sleep efficiency

Sleep efficiency was also the secondary outcome in this meta-ana-
lysis. 3 studies reported the efficacy of melatonin in sleep efficiency
(Beaumont et al., 2004; Sadeghniiat-Haghighi et al., 2016; Yoon and
Song, 2002). Analysis of the 3 studies (N= 71) suggested that exo-
genous melatonin has no meaningful actions on sleep efficiency (Total
mean difference: 1.46, 95% CI: −0.43, 3.35, Fig. 4). The Z value of
melatonin is 1.52 (P= 0.13). No significant heterogeneity was present
across the 3 studies (Chi2= 2.03, P=0.36, I2= 1%).

3.6. Risk of bias

Figs. 5 and 6 show the risk of bias across 7 trials. 100% studies have
a low risk of bias on random sequence generation, blinding of partici-
pants and personnel, and selective reporting. 3 (Beaumont et al., 2004;

Fig. 1. Flowchart of study screening.
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Suhner et al., 2001; Wright et al., 1998) and 4 (Folkard et al., 1993;
James et al., 1998; Sadeghniiat-Haghighi et al., 2016; Yoon and Song,
2002) studies have a low and unclear risk of bias on allocation con-
cealment, respectively. 1 (Wright et al., 1998) and 6 (Beaumont et al.,
2004; Folkard et al., 1993; James et al., 1998; Sadeghniiat-Haghighi
et al., 2016; Suhner et al., 2001; Yoon and Song, 2002) studies have a
low and unclear risk of bias on blinding of outcome assessment, re-
spectively. As for the incomplete outcome data, 2 (Beaumont et al.,
2004; Yoon and Song, 2002), 2 (Folkard et al., 1993; Wright et al.,
1998), and 3 (James et al., 1998; Sadeghniiat-Haghighi et al., 2016;
Suhner et al., 2001) studies have a low, unclear, and high risk of bias on
incomplete outcome data, respectively. 4 (Beaumont et al., 2004;
Sadeghniiat-Haghighi et al., 2016; Suhner et al., 2001; Yoon and Song,
2002), 2 (Folkard et al., 1993; James et al., 1998), and 1 (Wright et al.,
1998) studies have a low, unclear, and high risk of bias on other bias,
respectively. Other bias (Higgins et al., 2011) might include the fol-
lowing situations: (1) There was no description of the ingested drug
monitoring by physicians, which could result in performance bias. (2)
The authors state any important concerns about bias not covered in the
other domains in the tool. (3) Bias due to problems not covered else-
where exists.

4. Discussion

4.1. Main findings

In this meta-analysis of 7 studies that analyzed exogenous melatonin
versus placebo in the treatment of secondary sleep disorders, we found
that melatonin reduces sleep onset latency and increases total sleep
time (Figs. 2 and 3). However, based on current data, melatonin has no
actions on sleep efficiency of patients with secondary sleep disorders
(Fig. 4). Overall, these data demonstrate that melatonin improves sleep
quality with respect to sleep onset latency and total sleep time, which
lends support to melatonin as a potential approach to secondary sleep
disorders.

4.2. Interpretation

Secondary sleep disorders, namely secondary insomnia caused by
sleep restriction, have caused a huge economic and social burden in the
world (Liira et al., 2014). The management of secondary sleep disorders
remains a big issue in clinical psychiatry and sleep medicine. So far,
there are no effective treatments for secondary sleep disorders. Phar-
macotherapies usually have a short half-life and a hangover effect. Non-
pharmacotherapies (e.g., cognitive therapy and relaxation therapy) are
complex and patients usually have poor compliance with them.
Therefore, the low toxicity may facilitate melatonin as a therapeutic
candidate for secondary sleep disorders (Jan et al., 2009; Li et al.,
2017).

This meta-analysis was conducted under the guidance of PRISMA
(Moher et al., 2009). The search strategy of this meta-analysis is thor-
ough and the inclusion criteria are broad. Both MeSH Terms and Text
Word were utilized in databases from PubMed, Embase, Cochrane Li-
brary, et al., which includes a wide variety of publications from 1950 to
2017 (Robinson, 2005). Enrolled studies were analyzed by two authors
(Li & Jiang) independently using unitive criteria and disagreement was
solved through discussion with a third author (Han). Based on previous
works (Chan et al., 2011; Nathan et al., 2017), this review also provides
a general introduction for all enrolled studies in Section Systematic
review and has mentioned Buscemi’s work in Section Introduction. In
Buscemi’s work, secondary sleep disorders were clearly distinguished
from those accompanying sleep restriction. In this review, secondary
sleep disorders are referred to as sleep disorders accompanying sleep
restriction (e.g. shift work and jet lag). Compared to Buscemi’s work in
2006, this meta-analysis was conducted according to the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA)Ta
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and aimed to explore the new literature and provide a different em-
phasis. Thus, there is a difference of included studies between this re-
view and other meta-analysis. So far, the safety issues of melatonin in
pediatrics remain a big concern (Kennaway, 2015) and there is a lack of
RCTs on long-term usage of melatonin in pediatrics. Thus, children
(< 18 y) are excluded in this article, which is in accordance with
previous meta-analysis (Brzezinski et al., 2005). Risk of bias of enrolled
studies were assessed using The Cochrane Collaboration’s tool (Figs. 5
and 6) (Higgins et al., 2011) and the overall risk of bias is low or un-
clear. Besides, we also searched for unpublished and commercially-
sponsored work during searching. These data are excluded due to the
absence of peer review and potential interacted interest.

Strikingly, the strong effect of melatonin seems to be opposed to the
results of the present study. Based on previous studies and hypothesis,

the following explanations may address this question: (1) The studies
on the sleep induction effect of melatonin are mainly conducted in
animals (Fisher et al., 2008; Fisher and Sugden, 2009), instead of
human beings. (2) The meta-analysis articles are based on RCTs, some
of which demonstrated that the effects of melatonin are not strong
(Folkard et al., 1993; James et al., 1998; Yoon and Song, 2002), (mean
difference < 5min compared to the controls (Wade et al., 2007;
Zhdanova et al., 2001)). (3) Different eligibility criteria in those meta-
analysis articles contribute to different enrolled population.

As shown in Fig. 2, pooled data reveal that compared to placebo,
exogenous melatonin lowers sleep onset latency (Total mean difference:
−2.48min, 95% CI: −4.56, −0.40, I2= 20%). The heterogeneity is
less than 50% and is not significant, suggesting a good homogeneity
among the enrolled studies. Auld’s work evaluates the effects of

Fig. 2. Effects of melatonin on SOL. This forest plot demonstrates that exogenous administration of melatonin lowers sleep onset latency. SOL, sleep onset latency.

Fig. 3. Effects of melatonin on TST. This forest plot suggests that exogenous administration of melatonin increases total sleep time. TST, total sleep time.

Fig. 4. Effects of melatonin on SE. This forest plot reveals that melatonin has no significant effects on sleep efficiency. SE, sleep efficiency.

Fig. 5. Risk of bias graph. This figure shows review authors' judgements about each risk of bias item presented as percentages across all included studies.
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melatonin on primary sleep disorders and concluded a total mean dif-
ference of −5.05min (95% CI: −8.51, −1.59) (Auld et al., 2017).
Brzezinski’s study assessed the effects of exogenous melatonin on sleep
(including primary and secondary outcomes). The total mean difference
of sleep onset latency are −4.0 min (95% CI: −2.5, −5.4) (Brzezinski
et al., 2005). The result of this meta-analysis is similar to previous re-
sults (Auld et al., 2017; Brzezinski et al., 2005). Overall, despite the
statistically significant mean differences, 2.48min for secondary in-
somnia patients is not clinically relevant, which requires further studies
to evaluate its efficacy.

Fig. 3 shows that melatonin increases total sleep time (Total mean
difference: 29.27min, 95% CI: 6.68, 51.56, I2= 26%). The hetero-
geneity is also non-significant among the included studies. Fig. 4 shows
that melatonin has no significant actions on sleep efficiency (Total
mean difference: 1.46, 95% CI: −0.43, 3.35, I2= 1%). It is clear that
total sleep time is increased and sleep onset latency is reduced. Notably,
the sleep efficiency does not increase. The following explanations may
account for the observations reported. On one hand, the enrolled stu-
dies of Figs. 2 and 4 are different. Seven studies are included in Fig. 2,
whereas three are inlcuded in Fig. 4. Sleep efficiency is not provided by
the Folkard’s study (Folkard et al., 1993), or in 3 other studies (James
et al., 1998; Suhner et al., 2001; Wright et al., 1998). Thus, only 3
studies are included in Fig. 4. This difference might contribute to the
insignificance of sleep efficiency. Conversely, the enrolled studies and
sample size in Figs. 2 and 4, as well as the total number of individuals is
small. Risk of bias of enrolled 7 studies are summarized in Figs. 5 and 6,
according to The Cochrane Collaboration’s tool (Higgins et al., 2011),
which bears a high risk of bias on attrition bias and other biases across
the 7 studies. Of note, the researches by James, Sadeghniiat-Haghighi,

Suhner, and Wright have a high risk of bias (James et al., 1998;
Sadeghniiat-Haghighi et al., 2016; Suhner et al., 2001; Wright et al.,
1998), which also contribute to the suspicion of literature quality,
which needs further study.

4.3. Limitations

There are some limitations to this review. Firstly, unpublished stu-
dies were excluded in this meta-analysis, which may increase the
publication bias (Kicinski et al., 2015). Secondly, although data analysis
revealed that melatonin reduces sleep onset latency and increases total
sleep time, these results need additional support from additional RCT.
The reduced time of sleep onset latency is not clinically significant.
Third, each study does not adjust for the same confounders, such as
duration of administration and dosage, therapeutic period, and gender,
which requires further well-designed RCT where these issues are taken
into consideration.

4.4. Conclusion

This meta-analysis is dedicated to elucidating the effects of exo-
genous melatonin, compared to the placebo, on the nocturnal outcomes
of secondary sleep disorders. Meta-analysis of the data from a series of
studies with small sample size demonstrates that exogenous melatonin
improves the sleep quality of secondary sleep disorders. Based on the
current advantages of melatonin in the management of secondary sleep
disorders, it is hoped that there will be a tremendous growth in the use
of melatonin application worldwide. Besides, little evidence is available
regarding the adverse effects of long-term use of melatonin (Brzezinski,
1997; Zisapel, 2018). Clinicians should be alert to these shortcomings
but also aware of the potential role of melatonin in clinical psychiatry
and sleep medicine. Although further studies are needed to establish the
optimal approach to this treatment in clinic, this meta-analysis clearly
supports the use of melatonin as a management for patients with sec-
ondary sleep disorders as a complementary therapy.
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Background: The high-fidelity simulation (HFS) has beenutilized innursing education formore than20years. Ad-
vantages of the use of high-fidelity simulation in nursing education have been documented in the literature.
Based on the advantages, it has been arranged as a part of the clinical study course of the first year baccalaureate
nursing program in one of the nursing colleges in Macau recently.
Objective: The aim of this study is to explore undergraduate nursing students' perception of using high-fidelity
simulation as part of their clinical study course in Macau.
Design: This is a qualitative study using open-ended questionnaire.
Setting: This studywas implemented at the nursing laboratory between 1 April and 17 April 2015, which was the
period of preliminary clinical study course of year one nursing students.
Participants: A purposive sample was sought from the voluntary year one undergraduate nursing students who
participated in the clinical study course.
Methods: Students received two high-fidelity simulation sections during the course, while a self-administered
open-ended questionnaire was allocated afterward. Qualitative content analysis was performed after data
collection.
Results: Two themes emerged in this study, which included “appreciation” and “misunderstanding”. They were
further divided into five categories; as “positive feelings”, “gaining a suitable atmosphere for learning”, “assist
of adequate emergency preparation: resourceful ability”, “contempt”, and “rote learning”.
Conclusion: This was the first time to utilize HFS activities as a part of the clinical study course in one nursing col-
lege in Macau. These HFS activities instead of a part of real clinical placement were appreciated by nursing stu-
dents. And it mainly contributed to the resourceful ability in students' view. During the HFS activities, nursing
educators should consider the misunderstanding of HFS activities of students that a few nursing students de-
spised simulator's life and got rote learning method.

© 2016 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Introduction

Simulation is recognized as an essential part of nursing clinical edu-
cation by nursing institute (California Board of Registered Nursing,
2015; Colorado Department of Regulatory Agencies Board of Nursing,
2015) since it can provide a safe environment for students to learn clin-
ical practice (Arthur et al., 2013). There has been an increasing utiliza-
tion of high-fidelity simulation (HFS) in nursing education since the

1990s (Crytzer, 2011). HFS refers to the use of a computer-controlled
full size manikin to demonstrate realistic clinical manifestations and
clinical scenarios. It can also communicate and interact with the
learners (Arthur et al., 2013; Gates et al., 2012). HFS has been arranged
as part of the first year clinical study course of the baccalaureate nursing
program in oneof thenursing colleges inMacau recently. The aimof this
study is to explore undergraduate nursing students' perception of using
HFS as part of their clinical study course in Macau. It aims at providing
insights into the future improvement of HFS-based clinical teaching in
the nursing students.

Literature Review

HFS can be used to train learners' management of imitated life-like
clinical events in nursing laboratory (Levett-Jones et al., 2011). There
is emerging evidence in the effectiveness of HFS in nursing education.
Shin et al. (2015) conducted a meta-analysis on the effectiveness of
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simulation in nursing education by pooling 20 experimental and quasi-
experimental quantitative studies. They found that HFS had a large size
effect (0.81), which seemed to be larger than that in the overall simula-
tion interventions (0.71) (Shin et al., 2015). Several systematic reviews
further examined the impact of HFS in different aspects of nursing edu-
cation. It was revealed in a systematic review that the mean scores of
knowledge and skill examswere increased by 0.53 point and1.15 points
respectively after usingHFS, but amixed resultwas found in the score of
objective structured clinical examination (OSCE) (Yuan et al., 2012b).
Moreover, a mixed contribution of HFS was also seen in the confidence
and competence in another systematic review (Yuan et al., 2012a).

The findings from some qualitative studies tend to be positive when
exploring the perceptions of HFS in both facultymembers and students.
Silvia (2013) conducted a qualitative case study by interviewing and al-
locating qualitative questionnaires to 14 nursing faculty to explore how
HFS can influence students' safe clinical practice. It was demonstrated
that 78.5% of the faculty thought HFS activities could enhance learning
outcome by providing safer patient care, while same percentage of
them agreed HFS could increase nursing students' critical thinking
skill (Silvia, 2013). Around 64% of them also thought that it enhanced
the acquisition of skills (Silvia, 2013). Similar results were indicated in
another study using semi-structured interview. Students reported an
increase in knowledge, skill and confidence level in clinical placement
after HFS (Ogilvie et al., 2011). Furthermore, students believed that
HFS was very useful and should be set as a requirement before clinical
study (Darcy Mahoney et al., 2013). This is also supported by the result
of another study. It was reported that 80% of the nursing students
agreed HFS as an authentic learning experience, while about 95% of
them thought it could enhance patient safety, and the same proportion
of them planned to apply the skills learnt in simulation to clinical prac-
tice (McCaughey and Traynor, 2010). Additionally, HFS activities could
lead to students' sense of confidence, preparedness, and satisfaction
with the clinical performance (Crytzer, 2011). Despite the advantages
mentioned in these qualitative studies, some studies argued that HFS
can also lead to anxiety in participants. A lack of communication skill
during the simulated interaction was reported (Pike and O'Donnell,
2010). Students might also feel anxious as it made them think of the fu-
ture placement and transition to a staff nurse (McCaughey and Traynor,
2010). There are some suggestions related to the possible improvement
in HFS activities in the literature. Students suggested that it was neces-
sary for them to havemore time to be familiar with the functions of HFS
(Wotton et al., 2010). The study of Ogilvie et al. (2011) showed that, stu-
dents agreed that a positive HFS learning experience could be enhanced
by a realistic clinical scenario experience under an appropriate facilita-
tion, with a debriefing section. The importance of realism and facilitator
was also emphasized in another study; it was argued that, students'
learning experience could be influenced by the ability of engaging par-
ticipants with the character and taking the activity seriously, while the
knowledge and skills of facilitators were also reported to be significant
during the process (Reid-Searl et al., 2011). Similar findingwas also de-
scribed in Pike and O'Donnell's (2010) study.

These suggest the essential elements in designing and
implementing HFS activities. A simulation model on HFS activities
was proposed in 2005 by Jeffries. It was widely used in guiding simula-
tion activities; it has been applied to the simulation of end-of-life-care,
self-confidence promoting etc. (Fabro et al., 2014; Samawi et al., 2014).
Jeffries' simulation model comprises five elements, which are the best
practices in education, student factors, teacher factors, simulation de-
sign characteristics and outcomes. Educational practices include active
learning, immediate feedback, student/faculty interaction, collaborative
learning, and high expectations, allowing diverse learning styles and
time on task. Student factors mean that students should respond to
their roles (actors and observers) during the simulation activity,
while teacher factors involve the teaching and evaluating roles. The de-
sign of the simulation should be tailored to these three mentioned fac-
tors, and at the same time, be able to support course goals, skill

competencies, learning outcomes and include debriefing section. The
outcomes should be associated with the goals, and can be divided
into knowledge, skill performance, learner satisfaction, etc. (Jeffries,
2005).

In view of the mentioned advantages, HFS activities guided by
Jeffries' simulationmodel has been arranged as part of thefirst year clin-
ical study of the baccalaureate nursing (BSN) program in one nursing
college in Macau recently. Nevertheless, to date, there is no qualitative
data that explores the perception of BSN students of utilizing HFS as a
clinical placement either directly or indirectly. Hence, the aim of this
study is to explore undergraduate nursing students' perception of HFS
activities instead of clinical placement. It aims at providing insights
into the future improvement of HFS-based clinical teaching in the nurs-
ing students in Macau.

Methods

This is a qualitative study using an open-ended questionnaire. Stu-
dents received two four-hour HFS sections at nursing laboratory during
the period of clinical study course, while a self-administered question-
naire was then allocated and a qualitative content analysis was per-
formed. Jeffries' simulation model was employed in the design of the
activity (Fig. 1), while Laerdal SimMan™ patient simulator was used
during HFS activities. Several optional sections were held to introduce
the simulator's function and the concept of HFS. A meeting was held
by the subject teachers before class to discuss the design of the activity,
while a mock section was also run among the teachers to ensure the
maximization of learning experience and to seek improvement. Before
the sections, a brief scenario introduction and relevant materials were
uploaded onto the student learning platform.

The participants were divided into groups of 16 to 23 during each
HFS activity. Three of them were assigned with different roles, mostly
nurses, while the others were observers. On the other hand, as the
HFS activities in this study were for learning purpose, the teachers'
role was to provide support throughout the section.

The four-hour simulation classwas divided into four sections for two
groups respectively, which were briefing (half hour), preparation
(half hour), running (half hour) and debriefing (half hour). During the
briefing section, the simulated environment and technology involved
were oriented, while the objectives, activity, amount of time given,
role specifications and outcome expectancies were explained. Prepara-
tion time was allowed for initial discussion and being familiar with
the simulated environment. The scenario was then run under a provid-
ed time frame. The role-players were required to practice using the
think-aloud technique. Cues and help could be provided by both the ob-
servers and the teachers to offer ideaswhen required during the activity
to enhance the idea of collaborative learning. Observers were also asked
to take note of the clinical presentation, missing data, and given and re-
quired intervention. The whole process was recorded for debriefing
reference. Students were encouraged to review and discuss the scenario
after the running section under the guidance of the facilitators.
Strengths and weaknesses were also discussed for future practice and
improvement.

Participants

A purposive sample was recruited from the year one undergradu-
ate nursing students in one of the nursing colleges in Macau (there
are two nursing colleges in Macau). The students who were willing
to answer the open-ended questionnaire voluntarily after the HFS ac-
tivities were included in this study. The targeted nursing students had
already finished English I, Chinese, Psychology, Fundamentals of
Nursing I, Anatomy, Physiology and Biochemistry. They were studying
Sociology, Health Assessment, Pharmacology, Pathophysiology,
Microbiology-Immunology, Fundamentals of Nursing II and English II
in the semester.
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Setting

This studywas implemented at a nursing laboratory between 1 April
and 17 April 2015,whichwas the period of the participants' preliminary
clinical study course. The preliminary clinical study coursewas associat-
ed with two subjects, which were “Health Assessment” and “Funda-
mentals of Nursing”.

Data Collection and Analysis

An open-ended questionnaire was developed to explore the percep-
tion of using HFS activities instead of clinical placement. It was assigned
to the participants immediately after the HFS activities. The questions
were:

1. What is your opinion on the high-fidelity simulation activity used
during clinical study course (instead of real clinical placement)?

2. What are the advantages of using the high-fidelity simulation activity?

3. What are the disadvantages of using the high-fidelity simulation
activity?

4. What did you gain from the high-fidelity simulation activity?
5. What did you lose from the high-fidelity simulation activity?
6. What is your suggestion for the high-fidelity simulation activity?

Finally, the data was analyzed using qualitative content analysis.
Raw data was read by three authors separately to obtain code (“based
on the content representation”) from each line (“breaking down data
into smaller units”); themes (“grouping codedmaterial based on shared
concepts”) were then retrieved by coding and categorizing (Polit and
Beck, 2012, p. 564) (Table 1). To ensure the trustworthiness, the
framework of Lincoln and Gubawas appliedwhich encompassed sever-
al dimensions— credibility, transferability, confirmability, and depend-
ability. Credibility engendered confidence in the truth of the data and
researchers' interpretations; transferability was that the qualitative
findings could be transferred to other settings; confirmability meant
that study results were derived from characteristics of the participants
and the study context; and dependability referred to the evidence that

Fig. 1. Design of simulation activity with Jeffries' simulation model.

Table 1
Example of content analysis.

Original sentence (examples) Code Category Theme

“HFS activities were very good and vivid. The authentic response of SimMan could train my
resourceful ability” (13)
“In short, it is very well. The HFS activities instead of real clinical placement could increase the
experience of facing simulated patient, it could improve the way of dealing with patient” (74)

Good and vivid

Very well

Positive feelings Appreciation

“Good. It was more relaxing than real clinical setting as we can learn different health assessment
methods under little stress” (04)
“The atmosphere of HFS activities was exciting. It could let me develop the resourceful ability for
the urgent condition of patient which could be rarely encountered in real clinical setting” (20)

More relaxing

Exciting

Gaining a suitable atmosphere
for learning

“I thought the arrangement of HFS activities during clinical study course could let me become familiar
with the real hospital environment and develop the resourceful ability. It was good for me to be
ready for the real clinical setting very soon” (01)
“It enhanced my resourceful ability with the emergency scenario through HFS activities; I will keep
calm in any emergency situation in the future” (05)

Resourceful ability Assist of adequate emergency
preparation: resourceful ability
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was consistent and stable (Polit and Beck, 2012, p. 175, 180). Based on
the framework, the participants' honesty was encouraged before they
answered the questionnaire. After the questionnaire had been complet-
ed, the themes and categories were given back to the participants to
confirm the findings (credibility and confirmability). The process of
the HFS activities, data collection, participants and setting were de-
scribed in this study to assure the dependability and transferability of
the study. Moreover, data analysis was implemented by three authors
independently in order to promote confirmability (Polit and Beck,
2012; Streubert, 2011).

Ethical Considerations

This study was conducted after receiving the agreement from the
education department of the college. The project was introduced and
explained to all targeted nursing students before the HFS activities,
and the inform consent was obtained from those who were willing to
join and answer the anonymous questionnaire in this study. The partic-
ipants were informed that this subjectwould not be graded. Data access
was limited only to the researchers of this study, and was only allowed
for the use of teaching improvement and academic exchange. The com-
pleted questionnaire will be destroyed 5 years after the study has been
completed according to the informed consent.

Results

There were 80 first year nursing students participating in this study,
including 6males and 74 females aged from 18 to 22. Three of them re-
took the clinical study course this year. All 80 participants had simula-
tion learning experience before. 41 participants had five-day real
clinical placement after the HFS activities (class A) and 39 had the clin-
ical placement before the HFS activities (class B). From the qualitative
content analysis of the participants' script (focused on question 1 for
this study), 2 themes covering 5 categories emerged as below.

Appreciation

For these year one students, there was two-week clinical study
course to let them put the knowledge into practice at the end of the
first academic year. They had desired the clinical study course very
much. Despite that our college arranged HFS activities instead of the
partial real clinical placement this year, the feelings of the participants
of these HFS activities were positive, although HFS activities was not
new for them. In addition, the HFS activities were carried out in a simu-
lated ward of nursing laboratory; and the interaction was arranged be-
tween participants, teachers and SimMan through several scenarios
which combined three subjects (“Health Assessment”, “Fundamentals
of Nursing”, and “Pharmacology”). The participants (no matter class A
or class B) thought it was an adequate preparation for caring real pa-
tients in suitable atmosphere. Both group A and group B focused on ac-
quiring resourceful ability and health assessment ability. Only two
participants, who wanted to go to real clinical setting, thought that the
HFS activities should not be a part of clinical study course. All of the
mentioned showed that the participants appreciated the HFS activities.
Hence, the “positive feelings”, “gaining a suitable atmosphere for learn-
ing”, and “assist of adequate preparation” were the three categories
under the theme “appreciation”.

Positive Feelings
Over 70% of the participants emphasized that they had positive feel-

ings toward HFS activities; nomatter they joined the activities before or
after real clinical placement. Only oneparticipant said itwas boring. And
others (24%) did not express their feelings. Among the 74.8% of all par-
ticipants, around 35% used the word “good, very good, very well or not
bad”, 14% described it as “interesting” and around 6% used “vivid” to de-
scribe the activity, while 3.8% of them thought the activitywas essential.

Nearly 16% portrayed it as “practical”, “fresh”, “a rare opportunity” and
“a good opportunity”. These positive feelings indicate that students
are satisfied with the HFS activities.

“HFS activities were very good and vivid. The authentic response of
SimMan could train my resourceful ability” (13).

“In short, it is very well. The HFS activities instead of real clinical place-
ment could increase the experience of facing simulated patient; it could
improve the way of dealing with patient” (74).

Gaining a Suitable Atmosphere for Learning
85% of the participants considered that the HFS activities, instead of

the real clinical placement, provided a suitable atmosphere for learning,
as “relaxing”, “exciting”, “funny” etc. The 85% of participants reflected
that the atmosphere let them acquire resourceful ability (55%), health
assessment skill (28%), communication (9%), and knowledge applica-
tion (8%). Related to the resourceful ability, 33% of the participants in
group A and 22% of the participants in group B mentioned it. For health
assessment ability, 12% of the participants in group A and 16% of the
participants in group B expressed it. On the other hand, two more par-
ticipants in group B than group A mentioned the learning of communi-
cation skill, while three more participants in group A than group B
mentioned knowledge application. These results show that HFS activi-
ties could provide suitable atmosphere for learning, no matter the par-
ticipants joined the HFS activities before or after the real clinical
placement.

“Good. It wasmore relaxing than real clinical setting aswe can learn dif-
ferent health assessmentmethods under little stress” (04).

“The atmosphere of HFS activities was exciting. It could let me develop
the resourceful ability for the urgent condition of patient which could
be rarely encountered in real clinical setting” (20).

Assist of Adequate Emergency Preparation: Resourceful Ability
One of the scenarios was designed for the subject “Fundamentals of

Nursing—Basic Life Support”; theparticipants should save the life of the
SimMan in an emergency condition. 55% of the 85% of participants
thought that these HFS activities could train their resourceful ability.
Hence, they had learnt how to find fast and smartways to overcomedif-
ficulties. It was very useful for participants in terms of the future clinical
placement.

“I thought the arrangement of HFS activities during clinical study course
could let me become familiar with the real hospital environment and
develop the resourceful ability. It was good for me to be ready for the re-
al clinical setting very soon” (01).

“It enhanced my resourceful ability with the emergency scenario
through HFS activities; I will keep calm in any emergency situation in
the future” (05).

Misunderstanding

As mentioned, the HFS activities were carried out through SimMan
(which was not a real human being) and scenario. A few participants
misunderstood the purpose of HFS activities. They thought that
SimMan's life was not an important issue; and some thought that the
demonstration of scenario let them remember the situation for future.
Hence, the “contempt”, and “rote learning” were the two categories
under the theme “misunderstanding”.
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Contempt
5% (2 in group A and group B respectively) of all the participants

thought that making mistakes was not an issue when providing care
for SimMan. They also mentioned that they might keep this attitude
when caring real-life patients. It was a negative influence of the HFS ac-
tivities. It might affect the participants' attitude and action in the real
clinical setting.

“Although it is a high-fidelity simulator, it is still different from human
beings in reality. Studentsmay get used to theway of treating these sim-
ulators and keep the same attitude when treating real patients” (33).

“SimMan is not a real human being, I did not concern about the mis-
takes I made because I will still be forgiven anyway” (58).

Rote Learning
14% of the participants (9 in group A and 2 in group B) thought the

HFS activities were used to promote their rote learning; they empha-
sized the importance of remembering the manifestations of SimMan.
It was related to the learning style of the participants.

“Remembering the patient's changes throughout the scenario waswhat
I gained from the HFS activities” (40).

“The HFS activities could help us to remember the clinical manifesta-
tions in a short time” (45).

Discussion

This was the first time to utilize HFS activities as a part of the clinical
course in our nursing college. This arrangement was the transition to
the modified BSN program curriculum for the future. And the amount
of hours of clinical study course would be reduced to less than 1840 h
in the future curriculum to match other BSN nursing program all over
the world. Hence, the HFS activities would be the replacement of the
real clinical placement that follows the contents of subject lecture in
our college in the future. And this study tries to explore the perception
of nursing students related to the HFS activities instead of real clinical
placement. 85% of nursing students appreciated the HFS activities in-
stead of real clinical placement for learning. It emerged through “posi-
tive feelings”, “gaining a suitable atmosphere for learning”, and “assist
of adequate emergency preparation: resourceful ability”. And it was
the first study to find out the “resourceful ability” as category or item
of result (55% of the students mentioned it) which is not the same as
other qualitative or quantitative literatures that showed the result as
“acquisition of skills”, “clinical performance”, “confidence”, “critical
thinking”, “knowledge”, “preparedness”, “safe patient care”, and “satis-
faction” (Crytzer, 2011; McCaughey and Traynor, 2010; Ogilvie et al.,
2011; Silvia, 2013; Yuan et al., 2012a, 2012b). “Resourceful” is defined
as “skilled in devising expedients or in meeting difficulties; full of prac-
tical ingenuity” (Oxford University Press, 2015). The result of “resource-
ful ability”may relate to the design of the scenario— basic life support. It
aims at letting students gradually achieve the objective of BSN program
curriculum of our college that “students could keep clam and act imme-
diately during the emergency situation as a graduate” (Kiang Wu
Nursing College of Macau, 2015). Based on the mentioned simulation
model, it is very important to design the scenario that can support
course goals (Jeffries, 2005). The scenario of these HFS activities was
that there was a patient who suddenly became unconscious, where stu-
dents should manage the situation and save the life of the SimMan
through the skill of basic life support. The goals of the course are:
(1) to demonstrate the ability of basic life support; and (2) to manage
the emergency situation simply. And the result indicated that students
thought that the HFS activities could train their resourceful ability. On
the other hand, the “positive feelings” and “a suitable atmosphere for

learning” were two other categories of the theme “appreciation”. No
matter the students joined theHFS activities before or after the real clin-
ical placement, they appreciated that the HFS activities were able to let
them learn with positive feelings, especially the development of re-
sourceful ability and health assessment ability. Both are the objectives
of the HFS activities. But for the feedback about learning of communica-
tion skill, more participants in group B than group Amentioned about it.
It was the same as the result of Pike and O'Donnell's (2010) that there
was a lack of communication skill during the simulated interaction.
The students of group B went to the clinic first, they had the experience
of talking with real patients. Hence, they could talk more with the
SimMan and target to learn communication skill. Students of both
group A and group B also mentioned knowledge application. The result
matched with the result of the study of Yuan et al. (2012b) that knowl-
edge score would be increased after using HFS. It was evident that HFS
contributed to the knowledge of students. Asmentioned, therewere ad-
vantages for arranging HFS activities before or after the clinical place-
ment. It was not the same as the finding of the study of Darcy
Mahoney et al. (2013).

Nursing educators should consider that nursing studentswouldmis-
understand the objective of HFS activities, the findings of this study
showed that “contempt” and “rote learning” were the two categories
of the theme “misunderstanding”. During the HFS activities, a few stu-
dents (nomatter theywere fromgroupA or groupB) thought SimMan's
life was not an issue and might got the rote learning method. The men-
tioned findings could not be found in other studies. Nursing educators
should pay attention to this because the result of McCaughey and
Traynor (2010) showed that 95% of the students would plan to apply
what they learnt in simulation to clinical practice. The reason might be
that the students thought that the SimMan was not the real human
being, so they could not put themselves in the scenario. And some stu-
dentsmight use the surface learning style that promoted the rote learn-
ing. The design of scenario of HFS activities should be taken seriously to
avoid the mentioned situations.

Limitation

Due to the arrangement of clinical study course of the BSN program,
only year one students were included in this study. Thus the perception
expressedwas from thosewho did not havemuch clinical experience. A
comparison of the perception of different classes and long-term follow-
up should be done in the future.

Since this is only an exploratory study, an open-ended questionnaire
was used. This prohibited a further and deeper exploration of the infor-
mation provided,while the data of facial expressions and body language
were also missing. A face-to-face interview should be considered in fu-
ture studies.

Conclusion

This was the first time to utilize HFS activities as a part of the clinical
study course in one of the nursing colleges inMacau. It was based on the
advantages of the use of high-fidelity simulation, and was the prepara-
tion for the transition to the modified curriculum that decreases the
amount of hours of the real clinical placement for the future. Hence,
the HFS activities were carried out for year one students during clinical
study course period. This study explored the perception of nursing stu-
dents of HFS activities instead of clinical placement. The findings
showed that these HFS activities instead of part of real clinical place-
ment were appreciated by nursing students. And it mainly contributed
to the resourceful ability in the students' viewwhichwas not found be-
fore. During the HFS activities, nursing educators should consider the
misunderstanding of HFS activities of students that a few nursing stu-
dents despised simulator's life and got rote learning method. The men-
tioned findings were also not found in other studies. The design of
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scenario of HFS activities should be taken seriously to avoid the men-
tioned situations.
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