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Abstract

Background: Many studies have focused on the health effects of dietary fibre.
Despite the advice of numerous experts to increase fibre consumption, many
population groups have failed to meet the recommended daily average intake,
which may lead to the development of various chronic diseases. Objectives:
This study aimed to gain insight into the dietary fibre intake of adults
in the Indian population. Methods and Materials: A questionnaire-based
survey was conducted on 800 adults. A structured questionnaire containing
12 questions was used to collect data from the study participants. Data
were analysed using statistical methods, and the outcomes were presented
and interpreted. Results: A total of 800 participants (621 females and 179
males) were surveyed. A significant association was found between daily fruit
intake and age (p=0.000) and gender (p=0.009). A significant association was
observed between the consumption of daily 2 cups of vegetables and age
(p=0.000) and gender (p=0.289). The majority of participants (57.61%) had
fruits in the evening between lunch and dinner. The majority of females
(281) had two cups of vegetables daily, followed by males (73). Approximately
32% of the participants consumed green leafy vegetables 2 times a week,
and 27% consumed vegetables once a week. Of the 800 participants, 11%
experienced constipation, 62% used digestive biscuits, and 85% did not use
fibre supplements to relieve constipation. Conclusion: The findings showed
age and gender differences in adult fibre consumption, highlighting the critical
role that dietary fibre plays in maintaining good health and well-being.
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1 Introduction the likelihood of developing certain ill-
nesses, including obesity, cancer, diabetes
mellitus, and cardiovascular diseases.'

Furthermore, dietary fibre can enhance

The advantages of consuming dietary
fibre (DF) have been acknowledged for
some time. A diet high in fibre can lessen
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stool consistency by softening it and increasing its bulk,
allowing for easier passage through the intestine. Taking a
sufficient amount of fibre can therefore help to decrease the
likelihood of experiencing stool issues like constipation and
its severity.? Constipation is a common issue that affects
a significant portion of the population, with its prevalence
ranging from 5% to 20% based on the definition applied.?

DF comprises a variety of complex carbohydrates that are
essential for public health, as they are often under-consumed
nutrient in comparison to the recommended intake in many
countries around the world.* DF is related to the promotion
of the mitigating effects on cholesterol and glucose levels, >
with the latter being related to the onset of type 2 diabetes,”®
obesity, colon cancer,” and cardiovascular diseases; ' it takes
part in all of the digestive system functions, from mastication
to the faeces elimination, and in general, DF offers various
health benefits. These include improvements in gut health
(softening of faeces, increase in faecal loading, fermentation,
and decrease in faecal pH), insulinemic and glycaemic
control, reduction of cholesterol (LDL-cholesterol and total
cholesterol), weight control (increase in satiety and reducing
caloric intake), and an effect on the metabolic function of the
different microbial species that colonize the gastrointestinal
tract, to improve human health and potentially prevent or
treat diseases in general.'!

A daily fibre intake of 30 g per 2000 kcal is recommended
by the ICMR because of these known health-promoting
effects.!> Moreover, the majority of the population does
not consume the recommended daily vegetable and fruit
intake, which are important sources of fibre in the diet.
Intervention studies have been performed to assess the
health effects of fibre in different study populations, or
to improve the fibre intake or intake of high-fibre food
categories for prevention measures or treatment of, for
example constipation. '* The criteria for participating in these
studies typically involve having a diet low in dietary fibre, with
the aim of providing an opportunity to increase fibre intake
towards recommended levels, which necessitates dietary
screening during the selection process. Dietary evaluation
methods, such as food frequency questionnaires (FFQs) and
24-hour recalls, are commonly utilised in screening, but they
can be labour-intensive, expensive, and more elaborate than
strictly necessary for screening purposes.'* This places an
unnecessary burden on both the participant and researcher.

To date, several short dietary screening questionnaires
have been developed for various purposes. Certain screen-
ing questionnaires are specifically designed to assess the like-
lihood of developing certain diseases, such as obesity in chil-
dren, malnutrition in the elderly, or cardiovascular disease, by
examining dietary intake. However, these questionnaires are
not suitable for evaluating fibre intake in healthy or consti-
pated adult populations. In general, the recommended daily
intake of DF for adults is between 18-38 grams per day;'"”

however, the global average does not exceed 20 grams per
day.'® The availability of information regarding food con-
sumption in India is limited, particularly in relation to the
measurement of fibre intake. The provision of reliable tools
to evaluate food consumption, especially regarding high-fibre
foods, would enable the quantification of fibre intake, identi-
fication of vulnerable groups and target populations, and for-
mulation of public policies and programs aimed at enhanc-
ing population health. Therefore, this study aimed to survey
dietary fibre intake in adults using a fibre-specific screening
questionnaire.

2 Materials and Methods
2.1 Study Setting

A structured survey was conducted using a questionnaire
consisting of voluntary consent from 800 adults to participate
in the survey for a period of three months. Among the
800 participants, 90% were from India, while 10% were
from UK, UAE, as well as USA. All study participants
were required to fill in an online questionnaire proforma
designed for the study. A questionnaire was prepared that
contained 12 questions related to fibre intake in the form of
fruits, vegetables, as well as fibre supplements in the diet of
adults. The questionnaire was analysed and validated by four
experts. As the data collected were unidentifiable, no external
agency approval was deemed necessary. The answers to the
questionnaire were analysed and interpreted.

2.2 Data Analysis

All captured data were entered into an Excel spreadsheet and
all statistical analyses were performed using SPSS software
version 20 (Statistical Package for Social Sciences, IBM Corp.
Armonk, NY, USA). Descriptive statistics of the explanatory
and outcome variables were calculated using frequencies and
percentages. Inferential statistics, such as the chi-square test,
were applied for categorical variables. The level of significance
was set at 5%.

3 Results

Of the 800 participants, 621 were female and 179 were
males. The majority of the study participants (564) belonged
to the < 40 years age group, followed by 201 participants
in the age group of 40-60 years. The chi-squared test was
used to check the association between daily fruit intake
with age and gender which showed a significant association
with age group (p=0.000) and gender (p=0.009). Of 800
participants, 261 participants aged < 40 years had fruits
daily, followed by 135 participants aged 40-60 years and
25 participants aged >60 years had fruits daily. The chi-
square test was used to check the association between intake
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of daily 2 cups of vegetable intake with age and gender
which showed a significant association with age (p=0.0000)
and non-significant association with gender (p=0.289). The
gender- and age-group-wise intake of fruits and vegetables are
shown in Table 1.

Approximately 33% of participants consumed fruit on
a daily basis, 20% consumed fruit on alternate days, and
approximately 14% consumed fruit once a week. Most study
participants (57.61%) had fruits in the evening between
lunch and dinner, and approximately 51% had fruits in
the mid-morning between breakfast and lunch. Daily fruit
consumption was noted in the majority of participants
(53%), followed by participants (20%) who consumed fruit
on alternate days. One cup of fruit was consumed by
51% of the study participants, and approximately 44% of
the study participants had two cups of vegetables daily.
Participants who were < 40 years old (228) consumed i
cups of vegetables daily. Based on gender, most females
consumed vegetables when compared to males, where around
281 females consumed two cups of vegetables daily and 69
male participants consumed only one cup of vegetables daily.
Approximately 32% of the study participants consumed green
leafy vegetables 2 times a week and 27% consumed vegetables
once a week. (Table 2 )

Among the 800 (100%) participants, approximately 11%
were affected by constipation. Approximately 62% of the study
participants consumed digestive biscuits and approximately
85% did not take fibre supplements to relieve constipation.
Regarding the intake of fibre supplements, most study
participants (483) in the < 40 years age group, 171 in the 40-
60ys years age group, and 28 in the >60 years group never
had fibre supplements. Detailed responses of participants
on consumption of fruits, vegetables, and fibre supplements
regarding frequency and quantity are tabulated in Table 2.

4 Discussion

According to our understanding, no reference questionnaires
have been developed to date for quantifying dietary fibre
intake in the Indian population. This lack of reference
questionnaires makes it challenging to classify users based
on their dietary fibre intake and its association with various
health events, some of which are influenced by lower or higher
intake of dietary fibre. This study aimed to understand the
intake of dietary fibre in adults, revealing gender differences.

Of the 800 participants, 53% consumed fruits daily, 20%
alternated daily, and 14% only once a week. This indicates a
high awareness of fruit intake in daily diets. Approximately
58% consumed fruits in the evening, between lunch and
dinner, whereas 51% consumed fruits mid-morning, between
breakfast and lunch. 51% consumed one cup of fruit daily,
whereas 33% consumed two cups daily. Females (55.07%)
consumed more fruits daily than males (44.13%), indicating
greater awareness of healthy dietary habits in females than

Table 1. Gender and age variables in vegetable and fruit
consumption (n=800)

Gender Daily fruit Intake of fruit Total p
intake not daily values
at 1
df and
99%
CI
Males 80 99 179
Females 345 276 621 0.009*
Total 425 375 800
Age Daily fruit Intake of fruit Total
intake not daily
<40 years 261 303 564
40-60 135 66 201
years 0.000*
>60 years 25 10 35
Total 421 379 800
Gender Daily 2 Not having 2 Total
cups of cupsofvegeta-
vegetables bles daily
intake
Males 73 106 179
Females 281 340 621 0.289
Total 354 446 800
Age Daily 2 Not having 2 Total
cups of cupsofvegeta-
vegetables bles daily
intake
<40 years 228 336 564
40-60 106 95 201
years 0.003*
>60 years 20 15 35
Total 354 446 800
*Significant

male participants. In the Irish elderly population,!” women
consumed less dietary fibre than men, but their intake of
dietary fibre per energy intake was higher than in men, and
we observed that the intake of fibre was higher in females
compared than in males. A Dutch study on adults (19-69
years), '8 also reported higher fibre intake in women than
males. Females also consumed fruit more regularly than
males. The daily consumption of fruits increased with age,
as a greater number of participants aged 60 years or above
consumed fruits on a daily basis compared to those under 60
years of age.

The recommended amount of fibre is based on energy
intake. According to the ICMR-NIN, 2020, a fibre intake of
30 grams per 2000 kcal is considered safe. The USDA Dietary
Guidelines for Americans recommend that women consume
25-28 grams per day of fibre, while men should consume
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Table 2. Questions related to fruit, vegetables and fiber consumption

1. Frequency of fruit consumption

7. Daily consumption of vegetables based on gender

Daily 33% Cups Female Male
Alternate days 20% 1/2 cup 85 28
Once a week 14% 1 cup 247 69
Never 0% 2 cups 281 73
2. Time of fruit consumed in a day None 8 9
At breakfast 15.84% 8. Consumption of green leafy vegetables
Mid-morning between breakfast and lunch 51% Daily 7%
Evening between lunch and dinner 57.61% Alternate day 18%
After dinner 17.58% Two times a week 32%
I don't eat fruits 2.62% Once a week 27%
3. Frequency of consumption of fruits Never 3%
Daily 53% 9. Participants affected by constipation
Alternate day 20% Yes 11%
Two times a week 13% No 89%
Once a week 14% 10. Consumption of digestive biscuits
Never 0% Yes 62%
4. Portion of fruits consumed in a day No 38%
% cup 9% 11. Consumption of fiber supplements to relieve constipation
1 cup 51% Daily 2%
2 cups 33% Alternate days 1%
3 cups 6% Only if have constipation 12%
None 1% Never 85%
5. Portion of vegetables consumed in a day 12. Consumption of fibre supplements — Age differences
% cup 14% Frequency <40 years 40-60 years >60 years
1 cup 40 Daily 8 3 3
2 cups 44% Alternate days 9 2 0
None 2% Only if have con- 64 25 4
stipation

6. Daily consumption of vegetables based on age groups Never 483 171 28
Cups < 40 years 40 - 60 >60 years

years
1/2 cup 228 106 20
1 cup 15 106 0
2 cups 95 17
None 226 76 14

31-34 grams per day. Similarly, the American Diabetes
Association advises patients with diabetes to consume the
same amount of fibre as the general population. No particular
recommendations have been made regarding the ideal types
of dietary fibres. However, it is suggested that half of all grains
consumed should be whole grains, and it is acknowledged that
a daily fibre intake of over 50 grams is challenging to achieve
without the use of dietary fibre supplements. !>’

The present study observed that 44% of the participants
consumed two cups of vegetables daily, while 40% consumed
one cup. As individuals aged, their daily vegetable intake

increased, with a larger proportion of participants over 60
consuming two servings of vegetables per day than those
under 60. There was no marked dissimilarity in the daily
consumption of vegetables between the male and female
participants. Green leafy vegetables were consumed either
once or twice a week, with only 7% eating them daily and 18%
consuming them alternately.

Approximately 11% of the study participants suffered from
constipation, and among them, 38% consumed digestive
biscuits as a dietary fibre source. Most participants never
had digestive supplements to relieve constipation, whereas
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12% had supplements only. Differences in age were also a
factor, as a greater proportion of individuals over 60 years old
consumed digestive supplements daily than those under 60
years old.

There is ample evidence that fibre is important for main-
taining blood sugar levels (low glycaemic index [GI]), triglyc-
erides, and cholesterol levels (binding by fibre components
and increased excretion), and regulatory bodies such as the
FDA have approved health claim labels for many sources
of good fiber.?! The industrialization and fast lifestyle have
steadily altered the diet, as well as fibre intake is minimal.
Thus, the primary reasons for reduced fibre intake were
increased daily calorie intake, refined flour consumption, and
a decrease in the consumption of high-fibre breads such as
oat, granola, barley, as well as wheat-based varieties. Each
country has its own distinct dietary habits; for example, some
diets, like the Mediterranean and Japanese diets, are viewed
as beneficial for health, while others, such as the Western diet,
contain high levels of saturated fats and are low in fibre, lead-
ing them to be seen as unhealthy.?

The intake of dietary fibre has diminished, while the
consumption of sugar and animal protein has augmented,
and the variety of microorganisms in the gut microbiome
of humans has lessened. These occurrences could potentially
disrupt the microbiome’s capacity to generate short-chain
fatty acids (SCFAs), which may consequently contribute to
the development of chronic inflammatory diseases. This
finding emphasises the necessity of deliberately including
foods with high fibre in our daily lives. Dietary fibre has
been given scientific recognition that it warrants. Consuming
a substantial amount of dietary fibre has been shown to

significantly decrease the likelihood of developing ailments,
such as coronary heart disease, stroke, hypertension, diabetes,
and obesity, as well as certain gastrointestinal disorders.
Increased fibre intake decreases serum cholesterol as well
as blood pressure. In both diabetic as well as non-diabetic
patients, increasing soluble fibre consumption increases
glycaemia and insulin sensitivity. Thus, increasing dietary
fiber in our daily life is essential and must be done promptly
and consistently. >

To improve the daily intake of dietary fibre, it is vital to
provide nutritional information. When selecting food, it is
essential to consider fibre content labelling. This information
is crucial for consumers’ food choice behaviour and can
influence food selection, leading to better health outcomes.
Employing non-digestible carbohydrates in fortified foods or
dietary supplements is a method can be followed to enhance
the fibre intake.?*

5 Conclusion

This study demonstrated the relationship between adult fibre
intake and food habits, revealing gender differences and

increased awareness of dietary fibre. Females had significantly
higher daily fruit intake than males. Age significantly influ-

enced the participants’ intake of fibre, fruits, and vegetables
and increased with age. Digestive biscuits were used as dietary
fibre supplements. The study also found awareness of the link
between fibre intake and constipation, with participants tak-
ing fibre supplements to relieve constipation. Further research
is needed to understand the factors affecting the dietary intake
of fruits and vegetables in the adult population.

J Clin Biomed Sci 2024;14(3):85-90 89



Sreemathy & Triveni, Assessment of dietary fiber intake in adults

References

1)

2)

7)

10)

11)

Bulsiewicz WJ. The importance of dietary fiber for metabolic health.
American Journal of Lifestyle Medicine. 2023;17(5):639-648. Available
from: https://doi.org/10.1177/15598276231167778.

Micka A, Siepelmeyer A, Holz A, Theis S, Schén C.  Effect of
consumption of chicory inulin on bowel function in healthy subjects
with constipation: a randomized, double-blind, placebo-controlled trial.
International Journal of Food Sciences and Nutrition . 2017;68(1):82-89.
Available from: https://doi.org/10.1080/09637486.2016.1212819.
Zwiener R, Keller C, Robin S, Hyman PE, Palsson OS, Saps M,
et al. Prevalence of Rome IV functional gastrointestinal disorders in
children and adolescents in the United States. 2017Gastroenterology .
2017;152(5):5-649. Available from: http://dx.doi.org/10.1016/S0016-
5085(17)32291-6.

Millen BE, Abrams S, Adams-Campbell L, Anderson CA, Brenna JT,
Campbell WW, et al. The 2015 dietary guidelines advisory committee
scientific report: development and major conclusions. Advances in
nutrition. 2016;7(3):438-444. Available from: https://doi.org/10.3945/
an.116.012120.

Garcia-Montalvo IA, Diaz SYM, Guzmén NA, Medina MAS, Pérez DM,
Campos EP. Increasing consumption of dietary fiber complementary
to the treatment of metabolic syndrome.  Nutricion hospitalaria.
2018;35(3):582-587. Available from: https://doi.org/10.20960/nh.1504.
Reynolds AN, Akerman AP, Mann J. Dietary fibre and whole grains
in diabetes management: Systematic review and meta-analyses. PLoS
medicine. 2020;17(3):1-22.  Available from: https://doi.org/10.1371/
journal.pmed.1003053.

Liew CH. Dietary fibre for the prevention of cardiovascular dis-
ease. Irish Medical Journal. 2020;113(5):76-79.  Available from:
https://www.researchgate.net/publication/341220116_Dietary_Fibre_
for_the_Prevention_of_Cardiovascular_Disease.

Bae IY, Jun Y, Lee S, Lee HG. Characterization of apple dietary fibers
influencing the in vitro starch digestibility of wheat flour gel. LWT-
Food Science and Technology. 2016;65:158-163. Available from: https:
//doi.org/10.1016/j.lwt.2015.07.071.

Song Y, Liu M, Yang FG, Cui LH, Lu XY, Chen C. Dietary fibre and
the risk of colorectal cancer: a case-control study. Asian Pacific journal
of cancer prevention. 2015;16(9):3747-3752. Available from: https://doi.
org/10.7314/apjcp.2015.16.9.3747.

Fu L, Zhang G, Qian S, Zhang Q, Tan M. Associations between
dietary fiber intake and cardiovascular risk factors: an umbrella review
of meta-analyses of randomized controlled trials. Frontiers in Nutrition.
2022;9:1-34. Available from: https://doi.org/10.3389/fnut.2022.972399.
Abreu ATAY, Milke-Garcia MP, Argiiello-Arévalo GA, Barca AMCDL,
Carmona-Sanchez RI, Sanchez AC, et al.  Dietary fiber and the
microbiota: A narrative review by a group of experts from the
Asociacion Mexicana de Gastroenterologia. Revista de Gastroenterologia
de México. 2021;86(3):287-304.  Available from: https://doi.org/10.
1016/j.rgmxen.2021.02.002.

12)

13)

14)

15)

16)

17)

18)

19)

20)

21)

22)

23)

24)

Dietary guidelines for Indians. 2020. Available from: https://www.nin.
res.in/downloads/DietaryGuidelinesforNINwebsite.pdf.

Nour-Eldein H, Salama HM, Abdulmajeed AA, Heissam KS. The effect
of lifestyle modification on severity of constipation and quality of life
of elders in nursing homes at Ismailia city, Egypt. Journal of Family
and Community Medicine. 2014;21(2):100-106. Available from: https:
//doi.org/10.4103/2230-8229.134766.

Thompson FE, Subar AE. Chapter 1 - Dietary Assessment Methodology.
In: Nutrition in the Prevention and Treatment of Disease. Elsevier.
2017;p. 5-48.  Available from: https://doi.org/10.1016/B978-0-12-
802928-2.00001-1.

Lattimer JM, Haub MD. Effects of dietary fiber and its components
on metabolic health. Nutrients. 2010;2(12):1266-1289. Available from:
https://doi.org/10.3390/nu2121266.

Reicks M, Jonnalagadda S, Albertson AM, Joshi N. Total dietary fiber
intakes in the US population are related to whole grain consumption:

results from the National Health and Nutrition Examination Survey.
Nutrition research. 2014;34(3):226-234. Available from: https://doi.org/

10.1016/j.nutres.2014.01.002.

Kehoe L, Walton ], Mcnulty BA, Nugent AP, Flynn A.  Energy,
macronutrients, dietary fibre and salt intakes in older adults in Ireland:
key sources and compliance with recommendations.  Nutrients.
2021;13(3):1-19. Available from: https://doi.org/10.3390/nu13030876.
Dinnissen CS, Ocké MC, Buurma-Rethans EJ, Van Rossum CT. Dietary
Changes among Adults in The Netherlands in the Period 2007-2010
and 2012-2016. Results from Two Cross-Sectional National Food
Consumption Surveys. Nutrients. 2021;13(5):1-15.  Available from:
https://doi.org/10.3390/nul13051520.

Evert AB, Boucher JL, Cypress M, Dunbar SA, Franz MJ, Mayer-Davis
EJ, et al. Nutrition therapy recommendations for the management of
adults with diabetes. Diabetes care. 2014;37(Supplement_1):S 120-S 143.
Available from: https://doi.org/10.2337/dc14-5120.

A Brief Note on Nutrient Requirements for Indians, the Recommended
Dietary Allowances (RDA) and the Estimated Average Requirements
(EAR), ICMR - NIN. 2020. Available from: https://www.nin.res.in/
rdabook/brief_note.pdf.

Dreher ML. Whole fruits and fruit fiber emerging health effects.
Nutrients. 2018;10(12):1-54. Available from: https://doi.org/10.3390/
nul0121833.

Ionita-Mindrican CB, Ziani K, Mititelu M, Oprea E, Neacsu SM,
Morosan E, et al. Therapeutic Benefits and Dietary Restrictions of Fiber
Intake: A State of the Art Review. Nutrients. 2022;14(13):1-29. Available
from: https://dx.doi.org/10.3390/nu14132641.

Stephen AM, Champ MM]J, Cloran SJ, Fleith M, van Lieshout L, Mejborn
H, et al. Dietary fibre in Europe: current state of knowledge on
definitions, sources, recommendations, intakes and relationships to
health. Nutrition Research Reviews. 2017;30(2):149-190. Available from:
https://dx.doi.org/10.1017/5095442241700004x.

Makki K, Deehan EC, Walter J, Backhed F. The Impact of Dietary Fiber
on Gut Microbiota in Host Health and Disease. Cell Host & Microbe.
2018;23(6):705-715. Available from: https://dx.doi.org/10.1016/j.chom.
2018.05.012.

J Clin Biomed Sci 2024;14(3):85-90

90


https://doi.org/10.1177/15598276231167778
https://doi.org/10.1080/09637486.2016.1212819
http://dx.doi.org/10.1016/S0016-5085(17)32291-6
http://dx.doi.org/10.1016/S0016-5085(17)32291-6
https://doi.org/10.3945/an.116.012120
https://doi.org/10.3945/an.116.012120
https://doi.org/10.20960/nh.1504
https://doi.org/10.1371/journal.pmed.1003053
https://doi.org/10.1371/journal.pmed.1003053
https://www.researchgate.net/publication/341220116_Dietary_Fibre_for_the_Prevention_of_Cardiovascular_Disease
https://www.researchgate.net/publication/341220116_Dietary_Fibre_for_the_Prevention_of_Cardiovascular_Disease
https://doi.org/10.1016/j.lwt.2015.07.071
https://doi.org/10.1016/j.lwt.2015.07.071
https://doi.org/10.7314/apjcp.2015.16.9.3747
https://doi.org/10.7314/apjcp.2015.16.9.3747
https://doi.org/10.3389/fnut.2022.972399
https://doi.org/10.1016/j.rgmxen.2021.02.002
https://doi.org/10.1016/j.rgmxen.2021.02.002
https://www.nin.res.in/downloads/DietaryGuidelinesforNINwebsite.pdf
https://www.nin.res.in/downloads/DietaryGuidelinesforNINwebsite.pdf
https://doi.org/10.4103/2230-8229.134766
https://doi.org/10.4103/2230-8229.134766
https://doi.org/10.1016/B978-0-12-802928-2.00001-1
https://doi.org/10.1016/B978-0-12-802928-2.00001-1
https://doi.org/10.3390/nu2121266
https://doi.org/10.1016/j.nutres.2014.01.002
https://doi.org/10.1016/j.nutres.2014.01.002
https://doi.org/10.3390/nu13030876
https://doi.org/10.3390/nu13051520
https://doi.org/10.2337/dc14-s120
https://www.nin.res.in/rdabook/brief_note.pdf
https://www.nin.res.in/rdabook/brief_note.pdf
https://doi.org/10.3390/nu10121833
https://doi.org/10.3390/nu10121833
https://dx.doi.org/10.3390/nu14132641
https://dx.doi.org/10.1017/s095442241700004x
https://dx.doi.org/10.1016/j.chom.2018.05.012
https://dx.doi.org/10.1016/j.chom.2018.05.012

