
PERSPECTIVE
published: 19 July 2021

doi: 10.3389/fnut.2021.682137

Frontiers in Nutrition | www.frontiersin.org 1 July 2021 | Volume 8 | Article 682137

Edited by:

Eric Westman,

Duke University, United States

Reviewed by:

Blair ONeill,

University of Alberta, Canada

Charikleia Stefanaki,

National and Kapodistrian University

of Athens, Greece

*Correspondence:

Dina Hafez Griauzde

dhafez@med.umich.edu

Specialty section:

This article was submitted to

Clinical Nutrition,

a section of the journal

Frontiers in Nutrition

Received: 17 March 2021

Accepted: 14 June 2021

Published: 19 July 2021

Citation:

Griauzde DH, Standafer Lopez K,

Saslow LR and Richardson CR (2021)

A Pragmatic Approach to Translating

Low- and Very Low-Carbohydrate

Diets Into Clinical Practice for Patients

With Obesity and Type 2 Diabetes.

Front. Nutr. 8:682137.

doi: 10.3389/fnut.2021.682137

A Pragmatic Approach to Translating
Low- and Very Low-Carbohydrate
Diets Into Clinical Practice for
Patients With Obesity and Type 2
Diabetes
Dina Hafez Griauzde 1,2*, Kathleen Standafer Lopez 3, Laura R. Saslow 4 and

Caroline R. Richardson 2

1 VA Ann Arbor Healthcare System, Ann Arbor, MI, United States, 2University of Michigan Medical School, Ann Arbor, MI,

United States, 3 VA Boston Healthcare System, Boston, MA, United States, 4University of Michigan School of Nursing, Ann

Arbor, MI, United States

Across all eating patterns, individuals demonstrate marked differences in treatment

response; some individuals gain weight and others lose weight with the same

approach. Policy makers and research institutions now call for the development and

use of personalized nutrition counseling strategies rather than one-size-fits-all dietary

recommendations. However, challenges persist in translating some evidence-based

eating patterns into the clinical practice due to the persistent notion that certain

dietary approaches—regardless of individuals’ preferences and health outcomes—are

less healthy than others. For example, low- and very low-carbohydrate ketogenic

diets (VLCKDs)—commonly defined as 10–26% and <10% total daily energy from

carbohydrate, respectively—are recognized as viable lifestyle change options to support

weight loss, glycemic control, and reduced medication use. Yet, critics contend that

such eating patterns are less healthy and encourage general avoidance rather than

patient-centered use. As with all medical treatments, the potential benefits and risks

must be considered in the context of patient-centered, outcome-driven care; this is the

cornerstone of evidence-based medicine. Thus, the critical challenge is to identify and

safely support patients who may prefer and benefit from dietary carbohydrate restriction.

In this Perspective, we propose a pragmatic, 4-stepped, outcome-driven approach to

help health professionals use carbohydrate-restricted diets as one potential tool for

supporting individual patients’ weight loss and metabolic health.
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INTRODUCTION

Obesity and type 2 diabetes are enduring threats to individual and public health.
Dietary habits are generally recognized as key drivers of weight gain and metabolic
dysfunction. Yet, the culprit macronutrients and optimal eating patterns for health are
fervently debated. Within the U.S., low-fat diets have been the prevailing public health
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recommendation for chronic disease prevention and
management since the 1980s (1). Unfortunately, despite
evidence that most U.S. adults embraced low-fat diet ideology (2)
and some individuals maintained or restored their health with
this approach (3), rates of obesity and related chronic conditions
have continued to rise over this time period (4).

Now, amid an obesity epidemic, many recognize that
“one-size-fits-all” dietary approaches inherently fail to meet
the majority of individuals’ diverse metabolic needs, food
preferences, and socioeconomic circumstances (5). Policymakers
(6) and research institutions (7) have called for the development
and use of personalized medicine and nutrition approaches to
optimize individuals’ health. The National Institutes of Health’s
2020–2030 Strategic Plan for Nutrition Research, for example,
acknowledges profound inter-individual diet response variation,
and urges investigators to explore and address causes of diet
treatment effect heterogeneity (8, 9). Additionally, recent clinical
practice guidelines for the management of type 2 diabetes (10–
12) and obesity (13, 14) acknowledge the potential effectiveness
of various dietary approaches for weight loss and glycemic
control, which may be recommended and tailored to individual’
preferences, needs, and health outcomes.

Despite a theoretical transition from “one-size-fits-all” to
personalized dietary approaches, challenges persist in translating
some evidence-based eating patterns into the clinical practice.
For example, low- and very low-carbohydrate ketogenic diets
(VLCKDs)—commonly defined as 10–26% and <10% total daily
energy from carbohydrate, respectively—can support weight
loss and glycemic control among some individuals while
reducing medication use (15–17). Randomized (15, 18) and non-
randomized (19–22) clinical trials and real-world observational
data (23) also demonstrate favorable changes in high density
lipoprotein (HDL) cholesterol, triglycerides, blood pressure, and
self-reported measures of energy, hunger, and food cravings.
Yet, popular media sources (24) and some nutrition scientists
(25, 26) continue to suggest that such eating patterns are less
healthy than others and encourage general avoidance rather
than judicious use within the context of patient-centered,
outcome-driven care.

Critics contend that dietary carbohydrate restriction is too
extreme, difficult to sustain over time, and no more effective
than other dietary approaches (26). Yet, data demonstrate
that this eating pattern can be enjoyable, sustainable, and,
more effective for some individuals (27–29). Critics further
warn of potential dangers due to high fat intake and a
relative dearth of fruits, whole grains, and legumes (30),
though the role of dietary fat in disease remains (31),
cardiovascular disease risk factors commonly improve with
carbohydrate restrictions (32), and high-carbohydrate foods
are generally non-essential for human health (33). Some
observational studies fuel concerns that low carbohydrate and
high fat intake may cause premature death (34); however,
such studies cannot completely assess diet quality, degree
of carbohydrate restriction, variation in eating patterns over
time, objective health measures (e.g., hemoglobin A1c, weight,
blood pressure) or health behaviors [e.g., sleep, physical
activity; (35)].

While supporters and opponents of dietary carbohydrate
restriction have reasonably called for large-scale, long-term
randomized-controlled trials to discern the diets’ effectiveness
and potential risks, this does not obviate the need for pragmatic,
real-world strategies to translate current best available evidence
and guideline recommendations (10–14) into clinical practice.
Moreover, the results of any randomized controlled dietary
intervention should only guide—not dictate—treatment for
individual patients who may benefit significantly more or less
than the average. Across all weight loss interventions, there is
marked weight loss treatment heterogeneity (9), and achievement
of early weight loss (e.g., within 12 weeks) is a primary predictor
of subsequent weight loss and weight loss maintenance (36–43).
Accordingly, stepped-care approaches (44–46), adaptive trials
(47–50), and N-of-1 studies where individuals serve as their own
controls (51) are increasingly recognized as research strategies
to discern the appropriate type and intensity of treatment
for individuals.

In clinical practice, however, we already have the opportunity
to help individual patients navigate a path to weight loss and
improved health by using available evidence-based resources
(e.g., lifestyle change programs, medical weight loss programs,
bariatric surgery, anti-obesity pharmacotherapy, and nutrition
counseling services); recognizing early treatment non-response;
addressing barriers; and intensifying or changing treatment plans
according to individuals’ needs. Carbohydrate-restricted diets
are one of many evidence-based treatment approaches. The
challenge is to identify individual patients who may prefer and
benefit from dietary carbohydrate restriction, and to then use
clinical judgment, routine measurements (e.g., weight, blood
pressure), periodic laboratory monitoring (e.g., hemoglobin A1c,
lipids), and patients’ subjective experiences to guide longitudinal
care. As with all medical treatments, the potential benefits
and risks of specific dietary change must be considered in the
context of patients’ preferences, needs, and health goals; patients’
treatment responses, side effects, and/or adverse reactions should
inform subsequent treatment decisions. This is the cornerstone
of evidence-based medicine (52). Here we propose a pragmatic,
4-stepped, outcome-driven approach to help providers include
low-carbohydrate diets in the menu of options for patients
with obesity and type 2 diabetes; this guidance is summarized
in Figure 1 and illustrative case examples are provided in
the Appendix.

STEP 1: OFFER DIETARY CARBOHYDRATE
RESTRICTION AS AN EVIDENCE-BASED
TREATMENT OPTION

Providers and patients alike may gravitate toward calorie
restriction as the primary path to weight loss. Accordingly,
many patients who desire to lose weight have already been
advised to follow and have likely tried a calorie-restricted, low-fat
diet. While this approach can work for some (3), others may
face excessive hunger, food cravings, or non-achievement of
health goals despite meticulous dietary adherence (53). Too
often, providers respond with persistent recommendations
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FIGURE 1 | A pragmatic approach to identify and support patients with obesity and/or type 2 diabetes who may prefer and benefit from dietary carbohydrate

restriction for weight loss and/or glycemic control.

to promote a greater calorie deficit (e.g., drink water before
eating, track dietary intake, increase physical activity). Such
advice, though well-intentioned, implies patient failure through
dietary non-adherence rather than treatment failure and
the need for a different approach. Fortunately, clinical

practice guidelines for obesity and type 2 diabetes, now
support use of alternative eating patterns, such as dietary
carbohydrate restriction, which does not require explicit
calorie counting and can alleviate excessive hunger and
food cravings (53, 54).
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STEP 2: REDUCE INTAKE OF COMMON
DIETARY CULPRITS OF WEIGHT GAIN
AND METABOLIC DYSREGULATION

The degree to which particular individuals should restrict dietary
carbohydrate to improve health is relatively untested, and may
depend, in part, on their baseline dietary intake and degree of
metabolic dysfunction. Some patients, for example, may benefit
from general advice to consume, when possible:

• Leafy greens and other non-starchy vegetables (e.g., broccoli)
in place of starchy vegetables (e.g., potatoes).

• Whole fruits in place of fruit juice.
• Monounsaturated fats (e.g., olive oil, nuts) as a predominant

source of dietary fat.
• Adequate protein (∼1 gram/kg body weight/day for

most adults).
• Unrefined whole grains (e.g., steel cut oats) in place of refined

grains (e.g., breakfast cereal).
• Calorie-free beverages in place of sugar sweetened beverages.
• Limited added sugars.

These recommendations are ubiquitous among seemingly
disparate dietary approaches (e.g., low-carbohydrate, plant-
based, Mediterranean-style), and may be a reasonable starting
point for patients with copious intake of high-carbohydrate foods
such as breakfast cereal, granola bars, pasta, starchy vegetables,
and/or sugar-sweetened beverages. Protein sources may include
eggs, fish, poultry, and/or meat as well as plant-based protein
such as tofu, tempeh, beans, and/or lentils. Though inherently
more restrictive, low-carbohydrate vegetarian or vegan diets are
feasible (55, 56).

Patients’ baseline dietary habits, food sources, food budget,
and other socioeconomic factors should guide more specific
dietary change recommendations. A patient who frequently eats
fast food due to long work hours or financial constraints, for
example, may be counseled on ways to modify fast food choices
(e.g., hamburger wrapped in lettuce instead of on a bun). This
may facilitate sustainable lifestyle change and promote physical
health benefits without demanding a complete dietary overhaul.

STEP 3: TAILOR THE DEGREE OF
CARBOHYDRATE RESTRICTION TO
PATIENTS’ PREFERENCES AND NEEDS

Patients’ change in weight and/or other objective health measures
(e.g., glycemic status, blood pressure) should be assessed within
12 weeks of following the recommendations detailed in Step 2.
Individuals who do not show early progress toward metabolic
goals may need additional support or an alternative treatment
(37, 44, 47, 57), which may include tailored dietary advice (58).

Evidence suggests that restricting dietary carbohydrate to
≤26% total daily energy (130 grams per 2,000 kcal) may be a
reasonable target for many, though some may prefer and achieve
greater benefit from further restriction (15). This can be achieved
by limiting intake of starches and grains (including whole
grains), replacing higher-carbohydrate fruits (e.g., bananas) with

lower-carbohydrate fruits (berries), and increasing dietary fat
from sources such as avocado, nuts, and full-fat dairy. Patients’
subjective experiences and objective outcomes should again be
assessed in the near term. Those meeting health goals can be
encouraged to continue their current eating pattern.

VLCKDs generally lead to nutritional ketosis when
carbohydrate intake is reduced to <10% total daily energy
and may be explicitly recommended for patients with type 2
diabetes who desire to reduce medication use or those who
do not achieve weight loss and/or glycemic control with more
liberal carbohydrate goals; others may also prefer and/or benefit
from this as an initial starting point. A well-formulated ketogenic
diet includes meats, fish, poultry, eggs, tofu, tempeh, cheese and
full-fat dairy, seeds, nuts, leafy greens, non-starchy vegetables,
and some fruits (e.g., berries, avocados). Low-carbohydrate
wheat flour substitutes such as almond and coconut flours allow
individuals to enjoy bread and baked goods while adhering to a
ketogenic diet.

Clinical practice guidelines (59) and expert recommendations
(16) can guide providers’ use of carbohydrate-restricted
diets. Websites (e.g., dietdoctor.com, lowcarbprogram.com)
and mobile phone applications (e.g., Carb manager, Keto,
MyFitnessPal) can support patients, although more intensive
programs may be required.

STEP 4: MITIGATE SIDE EFFECTS AND
RISK

Side effects such as headache, constipation, muscle cramps, and
fatigue can occur when transitioning to a VLCKD. A gradual
reduction in carbohydrate intake can mitigate symptoms. One
practice is to advise patients to change one meal a day per week
from high- to low-carbohydrate, starting with breakfast. Snacks,
if consumed, may also be changed during the first week. Patients
may also be advised to increase their intake of water, salt, and
non-starchy, fiber-rich vegetables (16).

Patients who initiate a VLCKD, especially those taking certain
medications, should be followed closely to avoid potentials
harms. The greatest risks may be hypoglycemia or hypotension
due to delays in stopping or reducing anti-hypertensive agents,
insulin, and insulin secretagogues. Discontinuation of sodium
glucose co-transporter 2 (SGLT2) inhibitors is also recommended
to avoid the rare risk of euglycemic ketoacidosis (16).

Dietary carbohydrate—except among those with rare
genetic disorders of metabolism—is non-essential for human
health (33). Yet, possible micronutrient deficiencies are an
inherent risk with all restrictive eating patterns and can be
mitigated by emphasizing consumption of low-carbohydrate
vegetables and other micronutrient-rich foods (60). A
multivitamin can be recommended, if a patient’s dietary
diversity is limited.

Patients following a VLCKD typically experience favorable
changes in triglyceride and high-density lipoprotein (HDL)
cholesterol levels (61). Low-density lipoprotein (LDL) cholesterol
changes are variable with some patients experiencing marked
increased in LDL cholesterol (62). Such elevations may reflect
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normal fatty acid metabolism (63, 64), and may be less strongly
associated with cardiovascular disease risk due to large (vs.
small, dense) LDL particles (31). Nevertheless, it is prudent
to monitor patients’ lipid panel at baseline and within several
months of dietary adherence and/or once weight loss has
stabilized; unfavorable changes may present an opportunity for
shared decision-making and weighing of individuals’ potential
benefits and risks in the context of scientific uncertainty (62).
Patients with relatively mild LDL elevations and improvements
in other objective measures (e.g., weight, hemoglobin A1c,
blood pressure, triglycerides) and subjective experiences (e.g.,
increased energy, decreased hunger) may reasonably opt to
continue their diet. Others may be counseled to eat lean protein,
non-starchy vegetables, and/or gradually liberalize carbohydrate
intake, though this approach is based more on anecdote
rather than research evidence, which is lacking in this domain
(21). A trial of ezetimibe may be considered as diagnostic
and therapeutic approach for suspected hyper-absorption of
intestinal cholesterol (65).

STEP 5: SUPPORT WEIGHT
MAINTENANCE

Weight maintenance can be challenging regardless of the
initial weight loss approach (66). Patients who lose weight
through dietary change, anti-obesity medication use, or weight
loss surgery face high rates of weight recidivism (67–69).
Certain behaviors commonly support weight maintenance and
should be encouraged. These include regular physical activity,
reduced sedentary time, routine self-monitoring of weight and/or
food intake, adequate sleep, and stress management (66, 70).
Occasional dietary indiscretion (e.g., overeating, indulging treats)
is inevitable (66). To mitigate feelings of failure and weight
regain due to persistent, unrestrained eating behaviors, patients
may be encouraged to view “slip-ups” as a natural part of the
weight journey and a reminder to actively resume initial weight
loss-promoting habits.

Some patients may desire to liberalize their carbohydrate
intake when they have reached their health goals. One strategy
to help patients identify their individual carbohydrate tolerance
threshold may be to increase unrefined carbohydrate intake by
∼5–10 gram/day per week (71). If weight gain occurs, patients

can be advised to reduce carbohydrate intake to the prior
tolerated level.

CONCLUSION

The urgent need to effectively confront the global epidemics of
obesity and type 2 diabetes is now underscored by the COVID-19
pandemic and its disproportionate harm to individuals with
these conditions (72). Across all dietary interventions, there
are vast differences in individuals’ treatment responses with
some individuals gaining weight and others losing weight
with the same approach (73–75). Thus, average diet treatment
effects and one-size-fits-all nutrition counseling approaches
are of little utility when treating individual patients who
deserve personalized, outcome-driven care. Using best-available
evidence, clinical acumen, and individuals’ preferences and
needs, we can thoughtfully help our patients navigate a path
toward better health with strategies that may include dietary
carbohydrate restriction.

DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included
in the article/supplementary material. Further inquiries can be
directed to the corresponding author/s.

AUTHOR CONTRIBUTIONS

All authors contributed to the drafting and editing of this
manuscript. All authors reviewed the submitted draft.

FUNDING

DG and LS were supported by grants from the National Institute
of Diabetes and Digestive and Kidney Diseases: DG by a K23
(DK123416) and LS by a K01 (DK107456).

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fnut.2021.
682137/full#supplementary-material

REFERENCES

1. Mozaffarian D, Rosenberg I, Uauy R. History of modern nutrition science-
implications for current research, dietary guidelines, and food policy. BMJ.

(2018) 361:k2392. doi: 10.1136/bmj.k2392
2. Cohen E, Cragg M, deFonseka J, Hite A, Rosenberg M, Zhou B. Statistical

review of US macronutrient consumption data, 1965-2011: Americans have
been following dietary guidelines, coincident with the rise in obesity.
Nutrition. (2015) 31:727–32. doi: 10.1016/j.nut.2015.02.007

3. Shick SM, Wing RR, Klem ML, McGuire MT, Hill JO, Seagle H.
Persons successful at long-term weight loss and maintenance continue
to consume a low-energy, low-fat diet. J Am Diet Assoc. (1998) 98:408–
13. doi: 10.1016/S0002-8223(98)00093-5

4. Yosuke I, Bo Q, Jennifer P, Rebeccah S, Penny G-L. Epidemiology
of obesity in adults: latest trends. Curr Obes Rep. (2018) 7:276–
88. doi: 10.1007/s13679-018-0317-8

5. Field AE, Camargo CA, Ogino S. The merits of subtyping obesity: one
size does not fit all. JAMA. (2013) 310:2147–8. doi: 10.1001/jama.2013.
281501

6. White House PrecisionMedicine Initiative. TheWhite House.Available online
at: https://obamawhitehouse.archives.gov/node/333101 (accessed February
10, 2021).

7. The Promise of Precision Medicine. National Institutes of Health. (2020)
Available online at: https://www.nih.gov/about-nih/what-we-do/nih-
turning-discovery-into-health/promise-precision-medicine (accessed
February 10, 2021).

Frontiers in Nutrition | www.frontiersin.org 5 July 2021 | Volume 8 | Article 682137

https://www.frontiersin.org/articles/10.3389/fnut.2021.682137/full#supplementary-material
https://doi.org/10.1136/bmj.k2392
https://doi.org/10.1016/j.nut.2015.02.007
https://doi.org/10.1016/S0002-8223(98)00093-5
https://doi.org/10.1007/s13679-018-0317-8
https://doi.org/10.1001/jama.2013.281501
https://obamawhitehouse.archives.gov/node/333101
https://www.nih.gov/about-nih/what-we-do/nih-turning-discovery-into-health/promise-precision-medicine
https://www.nih.gov/about-nih/what-we-do/nih-turning-discovery-into-health/promise-precision-medicine
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://www.frontiersin.org/journals/nutrition#articles


Griauzde et al. Pragmatic Approach to Using Low-Carbohydrate Diets

8. 2020-2030 Strategic Plan for NIH Nutrition Research | NIDDK.
National Institute of Diabetes and Digestive and Kidney Diseases.

Available online at: https://www.niddk.nih.gov/about-niddk/strategic-
plans-reports/strategic-plan-nih-nutrition-research (accessed August 18,
2020).

9. Gardner CD. Tailoring dietary approaches for weight loss. Int J Obes Suppl.
(2012) 2:S11–5. doi: 10.1038/ijosup.2012.4

10. Management of Diabetes Mellitus in Primary Care. VA/DoD Clinical Practice

Guidelines. (2017). Available online at: https://www.healthquality.va.gov/
guidelines/cd/diabetes/ (accessed March 5, 2021).

11. Standards of Care (PDF). Diabetes Care. (2021). Available online at: http://
care.diabetesjournals.org/content/suppl/2020/12/09/44.Supplement_1.DC1
(accessed March 5, 2021).

12. Harris SB, Cheng AYY, Davies MJ, Gerstein HC. A New Paradigm for Type 2

Diabetes in Primary Care.32.

13. VA/DoD TLG. VA/DoD Clinical Practice Guideline for the Management

of Adult Overweight and Obesity. Washington, DC: Department
of Veteran Affairs, Department of Defense (2020). Available
online at: https://www.healthquality.va.gov/guidelines/CD/obesity/
VADoDObesityCPGFinal5087242020.pdf

14. Jensen MD, Ryan DH, Apovian CM, Ard JD, Comuzzie AG, Donato
KA, et al. 2013 AHA/ACC/TOS guideline for the management of
overweight and obesity in adults: a report of the American College of
Cardiology/American Heart Association Task Force on Practice Guidelines
and the Obesity Society. J Am Coll Cardiol. (2014) 63(25 Pt B):2985–
3023. doi: 10.1016/j.jacc.2013.11.004

15. Sainsbury E, Kizirian NV, Partridge SR, Gill T, Colagiuri S, Gibson AA.
Effect of dietary carbohydrate restriction on glycemic control in adults with
diabetes: a systematic review and meta-analysis. Diabetes Res Clin Pract.

(2018) 139:239–52. doi: 10.1016/j.diabres.2018.02.026
16. Westman EC, Tondt J, Maguire E, Jr WSY. Implementing a low-

carbohydrate, ketogenic diet to manage type 2 diabetes mellitus. Expert
Rev Endocrinol Metab. (2018) 13:263–72. doi: 10.1080/17446651.2018.15
23713

17. Yancy WS, Crowley MJ, Dar MS, Coffman CJ, Jeffreys AS, Maciejewski ML,
et al. Comparison of group medical visits combined with intensive weight
management vs. groupmedical visits alone for glycemia in patients with type 2
diabetes: a noninferiority randomized clinical trial. JAMA Intern Med. (2020)
180:70. doi: 10.1001/jamainternmed.2019.4802

18. Ajala O, English P, Pinkney J. Systematic review and meta-analysis of different
dietary approaches to the management of type 2 diabetes. Am J Clin Nutr.

(2013) 97:505–16. doi: 10.3945/ajcn.112.042457
19. McKenzie AL, Hallberg SJ, Creighton BC, Volk BM, Link TM, Abner

MK, et al. A novel intervention including individualized nutritional
recommendations reduces hemoglobin a1c level, medication use, and weight
in type 2 diabetes. JMIR Diabetes. (2017) 2:e5. doi: 10.2196/diabetes.6981

20. Athinarayanan SJ, Adams RN, Hallberg SJ, McKenzie AL, Bhanpuri NH,
Campbell WW, et al. Long-term effects of a novel continuous remote care
intervention including nutritional ketosis for the management of type 2
diabetes: a 2-year non-randomized clinical trial. Front Endocrinol. (2019)
10:348. doi: 10.3389/fendo.2019.00348

21. MasonAE, Saslow LR,Moran PJ, Kim S, AbousleimanH, Richler R, et al. Lipid
findings from the diabetes education to lower insulin, sugars, and hunger
(DELISH) study. Nutr Metab. (2019) 16:58. doi: 10.1186/s12986-019-0383-2

22. Hallberg SJ, McKenzie AL, Williams PT, Bhanpuri NH, Peters AL, Campbell
WW, et al. Effectiveness and safety of a novel care model for the management
of type 2 diabetes at 1 year: an open-label, non-randomized, controlled study.
Diabetes Ther. (2018) 9:583–612. doi: 10.1007/s13300-018-0373-9

23. Unwin DJ, Tobin SD, Murray SW, Delon C, Brady AJ. Substantial
and sustained improvements in blood pressure, weight and lipid profiles
from a carbohydrate restricted diet: an observational study of insulin
resistant patients in primary care. Int J Environ Res Public Health. (2019)
16:2680. doi: 10.3390/ijerph16152680

24. Best Diets Overall - Expertly Reviewed for 2021 | U.S. News. Available online
at: https://health.usnews.com/best-diet/best-diets-overall (accessed March 5,
2021).

25. VA Secretary Wilkie: Keto Diet Is Dangerous for Veterans With Diabetes.
Physicians Committee for Responsible Medicine. Available online at:

https://www.pcrm.org/news/blog/va-secretary-wilkie-keto-diet-dangerous-
veterans-diabetes (accessed March 5, 2021).

26. Joshi S, Ostfeld RJ, McMacken M. The ketogenic diet for obesity and
diabetes—enthusiasm outpaces evidence. JAMA Int Med. (2019) 179:1163–
4. doi: 10.1001/jamainternmed.2019.2633

27. Phelan S, Wyatt H, Nassery S, Dibello J, Fava JL, Hill JO, et al.
Three-year weight change in successful weight losers who lost weight
on a low-carbohydrate diet. Obesity. (2007) 15:2470–7. doi: 10.1038/oby.
2007.293

28. Griauzde DH, Saslow L, Patterson K, Ansari T, Liestenfeltz B, Tisack A,
et al. Mixed methods pilot study of a low-carbohydrate diabetes prevention
programme among adults with pre-diabetes in the USA. BMJ Open. (2020)
10:e033397. doi: 10.1136/bmjopen-2019-033397

29. Wong K, Raffray M, Roy-Fleming A, Blunden S, Brazeau A-S. Ketogenic diet
as a normal way of eating in adults with type 1 and type 2 diabetes: a qualitative
study. Can J Diabetes. (2021) 45:137–43.e1. doi: 10.1016/j.jcjd.2020.06.016

30. The Ketogenic Diet for Obesity and Diabetes—Enthusiasm Outpaces Evidence |

Lifestyle Behaviors | JAMA InternalMedicine | JAMANetwork. Available online
at: https://jamanetwork.com/journals/jamainternalmedicine/article-abstract/
2737919 (accessed April 23, 2020).

31. Astrup A, Magkos F, Bier DM, Brenna JT, de Oliveira Otto MC,
Hill JO, et al. Saturated fats and health: a reassessment and proposal
for food-based recommendations. J Am College Cardiol. (2020) 76:844–
57. doi: 10.1016/j.jacc.2020.05.077

32. Bhanpuri NH, Hallberg SJ, Williams PT, McKenzie AL, Ballard KD, Campbell
WW, et al. Cardiovascular disease risk factor responses to a type 2 diabetes
care model including nutritional ketosis induced by sustained carbohydrate
restriction at 1 year: an open label, non-randomized, controlled study.
Cardiovasc Diabetol. (2018) 17:56. doi: 10.1186/s12933-018-0698-8

33. Tondt J, Yancy WS, Westman EC. Application of nutrient
essentiality criteria to dietary carbohydrates. Nutr Res Rev. (2020)
33:260–70. doi: 10.1017/S0954422420000050

34. Seidelmann SB, Claggett B, Cheng S, Henglin M, Shah A, Steffen
LM, et al. Dietary carbohydrate intake and mortality: a prospective
cohort study and meta-analysis. Lancet Public Health. (2018) 3:e419–
28. doi: 10.1016/S2468-2667(18)30135-X

35. Maki KC, Slavin JL, Rains TM, Kris-Etherton PM. Limitations
of observational evidence: implications for evidence-based dietary
recommendations. Adv Nutr. (2014) 5:7–15. doi: 10.3945/an.113.004929

36. Fitzpatrick SL, Appel LJ, Bray B, Brooks N, Stevens VJ.
Predictors of long-term adherence to multiple health behavior
recommendations for weight management. Health Educ Behav. (2018)
45:997–1007. doi: 10.1177/1090198118757823

37. Elfhag K, Rössner S. Initial weight loss is the best predictor for success in
obesity treatment and sociodemographic liabilities increase risk for drop-out.
Patient Educ Couns. (2010) 79:361–6. doi: 10.1016/j.pec.2010.02.006

38. Handjieva-Darlenska T, Handjiev S, Larsen TM, van Baak MA, Jebb S,
Papadaki A, et al. Initial weight loss on an 800-kcal diet as a predictor of
weight loss success after 8 weeks: the Diogenes study. Eur J Clin Nutr. (2010)
64:994–9. doi: 10.1038/ejcn.2010.110

39. Kong W, Langlois M-F, Kamga-Ngandé C, Gagnon C, Brown C, Baillargeon
J-P. Predictors of success to weight-loss intervention program in individuals
at high risk for type 2 diabetes. Diabetes Res Clin Pract. (2010) 90:147–
53. doi: 10.1016/j.diabres.2010.06.031

40. Miller CK, Nagaraja HN, Weinhold KR. Early weight-loss success identifies
nonresponders after a lifestyle intervention in a worksite diabetes prevention
trial. J Acad Nutr Dietet. (2015) 115:1464–71. doi: 10.1016/j.jand.2015.04.022

41. Tronieri JS, Wadden TA, Chao AM, Pearl RL, Alamuddin N, Berkowitz
RI. Early weight loss in behavioral treatment predicts later rate of weight
loss and response to pharmacotherapy. Ann Behav Med. (2018) 53:290–
5. doi: 10.1093/abm/kay036

42. Unick JL, Leahey T, Kent K, Wing RR. Examination of whether early weight
loss predicts 1-year weight loss among those enrolled in an internet-based
weight loss program. Int J Obes. (2015) 39:1558–60. doi: 10.1038/ijo.2015.89

43. Waring ME, Schneider KL, Appelhans BM, Busch AM, Whited MC,
Rodrigues S, et al. Early-treatment weight loss predicts 6-month weight
loss in women with obesity and depression: implications for stepped care.
J Psychosom Res. (2014) 76:394–9. doi: 10.1016/j.jpsychores.2014.03.004

Frontiers in Nutrition | www.frontiersin.org 6 July 2021 | Volume 8 | Article 682137

https://www.niddk.nih.gov/about-niddk/strategic-plans-reports/strategic-plan-nih-nutrition-research
https://www.niddk.nih.gov/about-niddk/strategic-plans-reports/strategic-plan-nih-nutrition-research
https://doi.org/10.1038/ijosup.2012.4
https://www.healthquality.va.gov/guidelines/cd/diabetes/
https://www.healthquality.va.gov/guidelines/cd/diabetes/
http://care.diabetesjournals.org/content/suppl/2020/12/09/44.Supplement_1.DC1
http://care.diabetesjournals.org/content/suppl/2020/12/09/44.Supplement_1.DC1
https://www.healthquality.va.gov/guidelines/CD/obesity/VADoDObesityCPGFinal5087242020.pdf
https://www.healthquality.va.gov/guidelines/CD/obesity/VADoDObesityCPGFinal5087242020.pdf
https://doi.org/10.1016/j.jacc.2013.11.004
https://doi.org/10.1016/j.diabres.2018.02.026
https://doi.org/10.1080/17446651.2018.1523713
https://doi.org/10.1001/jamainternmed.2019.4802
https://doi.org/10.3945/ajcn.112.042457
https://doi.org/10.2196/diabetes.6981
https://doi.org/10.3389/fendo.2019.00348
https://doi.org/10.1186/s12986-019-0383-2
https://doi.org/10.1007/s13300-018-0373-9
https://doi.org/10.3390/ijerph16152680
https://health.usnews.com/best-diet/best-diets-overall
https://www.pcrm.org/news/blog/va-secretary-wilkie-keto-diet-dangerous-veterans-diabetes
https://www.pcrm.org/news/blog/va-secretary-wilkie-keto-diet-dangerous-veterans-diabetes
https://doi.org/10.1001/jamainternmed.2019.2633
https://doi.org/10.1038/oby.2007.293
https://doi.org/10.1136/bmjopen-2019-033397
https://doi.org/10.1016/j.jcjd.2020.06.016
https://jamanetwork.com/journals/jamainternalmedicine/article-abstract/2737919
https://jamanetwork.com/journals/jamainternalmedicine/article-abstract/2737919
https://doi.org/10.1016/j.jacc.2020.05.077
https://doi.org/10.1186/s12933-018-0698-8
https://doi.org/10.1017/S0954422420000050
https://doi.org/10.1016/S2468-2667(18)30135-X
https://doi.org/10.3945/an.113.004929
https://doi.org/10.1177/1090198118757823
https://doi.org/10.1016/j.pec.2010.02.006
https://doi.org/10.1038/ejcn.2010.110
https://doi.org/10.1016/j.diabres.2010.06.031
https://doi.org/10.1016/j.jand.2015.04.022
https://doi.org/10.1093/abm/kay036
https://doi.org/10.1038/ijo.2015.89
https://doi.org/10.1016/j.jpsychores.2014.03.004
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://www.frontiersin.org/journals/nutrition#articles


Griauzde et al. Pragmatic Approach to Using Low-Carbohydrate Diets

44. Jakicic JM, Tate DF, LangW, Davis KK, Polzien K, Rickman AD, et al. Effect of
a stepped-care intervention approach on weight loss in adults: a randomized
clinical trial. JAMA. (2012) 307:2617–26. doi: 10.1001/jama.2012.6866

45. Carels RA, Darby L, Cacciapaglia HM, Douglass OM, Harper J, Kaplar
ME, et al. Applying a stepped-care approach to the treatment of obesity.
J Psychosom Res. (2005) 59:375–83. doi: 10.1016/j.jpsychores.2005.06.060

46. Carels RA, Wott CB, Young KM, Gumble A, Darby LA, Oehlhof MW, et al.
Successful weight loss with self-help: a stepped-care approach. J Behav Med.

(2009) 32:503–9. doi: 10.1007/s10865-009-9221-8
47. Sherwood NE, Butryn ML, Forman EM, Almirall D, Seburg EM, Lauren

Crain A, et al. The BestFIT trial: a SMART approach to developing
individualized weight loss treatments. Contemp Clin Trials. (2016) 47:209–
16. doi: 10.1016/j.cct.2016.01.011

48. Nahum-Shani I, Smith SN, Spring BJ, Collins LM, Witkiewitz K, Tewari
A, et al. Just-in-time adaptive interventions (JITAIs) in mobile health:
key components and design principles for ongoing health behavior
support. Ann Behav Med. (2018) 52:446–62. doi: 10.1007/s12160-016-
9830-8

49. Schembre SM, Liao Y, Robertson MC, Dunton GF, Kerr J, Haffey ME,
et al. Just-in-time feedback in diet and physical activity interventions:
systematic review and practical design framework. J Med Internet Res. (2018)
20:e106. doi: 10.2196/jmir.8701

50. Miller CK. Adaptive intervention designs to promote behavioral
change in adults: what is the evidence? Curr Diab Rep. (2019)
19:7. doi: 10.1007/s11892-019-1127-4

51. Krone T, Boessen R, Bijlsma S, Stokkum R van, Clabbers NDS, Pasman WJ.
The possibilities of the use of N-of-1 and do-it-yourself trials in nutritional
research. PLoS ONE. (2020) 15:e0232680. doi: 10.1371/journal.pone.
0232680

52. Sackett DL, Rosenberg WM, Gray JA, Haynes RB, Richardson WS.
Evidence based medicine: what it is and what it isn’t. BMJ. (1996)
312:71. doi: 10.1136/bmj.312.7023.71

53. Always Hungry? And Always Delicious Books by Dr. David Ludwig. Available
online at: https://www.drdavidludwig.com/ (accessed March 13, 2021).

54. Nymo S, Coutinho SR, Jørgensen J, Rehfeld JF, Truby H, Kulseng B, et al.
Timeline of changes in appetite during weight loss with a ketogenic diet. Int J
Obes. (2017) 41:1224–31. doi: 10.1038/ijo.2017.96

55. Ludwig DS. The ketogenic diet: evidence for optimism but high-quality
research needed. J Nutr. (2020) 150:1354–9. doi: 10.1093/jn/nxz308

56. Jenkins DJA, Wong JMW, Kendall CWC, Esfahani A, Ng VWY,
Leong TCK, et al. Effect of a 6-month vegan low-carbohydrate
(’Eco-Atkins’) diet on cardiovascular risk factors and body weight in
hyperlipidaemic adults: a randomised controlled trial. BMJ Open. (2014)
4:e003505. doi: 10.1136/bmjopen-2013-003505

57. Unick JL, Neiberg RH, Hogan PE, Cheskin LJ, Dutton GR, Jeffery R, et al.
Weight change in the first 2 months of a lifestyle intervention predicts
weight changes 8 years later. Obesity. (2015) 23:1353–6. doi: 10.1002/oby.
21112

58. de Toro-Martín J, Arsenault BJ, Després J-P, Vohl M-C. Precision
nutrition: a review of personalized nutritional approaches for the
prevention and management of metabolic syndrome. Nutrients. (2017)
9:913. doi: 10.3390/nu9080913

59. Low-Carbohydrate Nutrition Approaches in Patients with Obesity, Prediabetes

and Type 2 Diabetes - Low Carb Nutritional Approaches - Guidelines Advisory.
Available online at: http://eguideline.guidelinecentral.com/i/1180534-low-
carb-nutritional-approaches-guidelines-advisory/0? (accessed April 28,
2020).

60. A Comprehensive Guide to Micronutrients. Ruled Me. (2013) Available
online at: https://www.ruled.me/guide-to-micronutrients/ (accessed March
13, 2021).

61. Accurso A, Bernstein RK, Dahlqvist A, Draznin B, Feinman RD, Fine
EJ, et al. Dietary carbohydrate restriction in type 2 diabetes mellitus and

metabolic syndrome: time for a critical appraisal. Nutr Metab. (2008)
5:9. doi: 10.1186/1743-7075-5-9

62. Mansoor N, Vinknes KJ, Veierød MB, Retterstøl K. Effects of low-
carbohydrate diets v. low-fat diets on body weight and cardiovascular risk
factors: a meta-analysis of randomised controlled trials. Br J Nutr. (2016)
115:466–479. doi: 10.1017/S0007114515004699

63. Sävendahl L, Underwood LE. Fasting increases serum total cholesterol, LDL
cholesterol and apolipoprotein B in healthy, nonobese humans. J Nutr. (1999)
129:2005–8. doi: 10.1093/jn/129.11.2005

64. Bonnet JP, Cardel MI, Cellini J, Hu FB, Guasch-Ferré M. Breakfast
skipping, body composition, and cardiometabolic risk: a systematic
review and meta-analysis of randomized trials. Obesity. (2020) 28:1098–
109. doi: 10.1002/oby.22791

65. 2021 Obesity Algorithm e-Book. Available online at: https://oma.cld.bz/2021-
Obesity-Algorithm-e-Book (accessed March 17, 2021).

66. Wing RR, Phelan S. Long-term weight loss maintenance. Am J Clin Nutr.

(2005) 82:222–5S. doi: 10.1093/ajcn/82.1.222S
67. Doucet É, McInis K, Mahmoodianfard S. Compensation in response to energy

deficits induced by exercise or diet: weight loss and compensation. Obesity
Reviews. (2018) 19:36–46. doi: 10.1111/obr.12783

68. Athanasiadis DI, Martin A, Kapsampelis P, Monfared S, Stefanidis D. Factors
associated with weight regain post-bariatric surgery: a systematic review. Surg
Endosc. (2021). doi: 10.1007/s00464-021-08329-w

69. Dong Z, Xu L, Liu H, Lv Y, Zheng Q, Li L. Comparative efficacy of five long-
term weight loss drugs: quantitative information for medication guidelines.
Obes Rev. (2017) 18:1377–85. doi: 10.1111/obr.12606

70. Elfhag K, Rössner S. Who succeeds in maintaining weight loss? A conceptual
review of factors associated with weight loss maintenance and weight regain.
Obes Rev. (2005) 6:67–85. doi: 10.1111/j.1467-789X.2005.00170.x

71. Gardner CD, Trepanowski JF, Del Gobbo LC, Hauser ME, Rigdon J, Ioannidis
JPA, et al. Effect of low-fat vs. low-carbohydrate diet on 12-month weight
loss in overweight adults and the association with genotype pattern or
insulin secretion: the DIETFITS randomized clinical trial. JAMA. (2018)
319:667. doi: 10.1001/jama.2018.0245

72. Richardson S, Hirsch JS, Narasimhan M, Crawford JM, McGinn T, Davidson
KW, et al. Presenting characteristics, comorbidities, and outcomes among
5700 patients hospitalized with COVID-19 in the New York City area. JAMA.
(2020) 323:2052–9. doi: 10.1001/jama.2020.6775

73. Gardner CD, Kiazand A, Alhassan S, Kim S, Stafford RS, Balise RR, et al.
Comparison of the Atkins, Zone, Ornish, and LEARN diets for change in
weight and related risk factors among overweight premenopausal women:
the A To Z weight loss study: a randomized trial. JAMA. (2007) 297:969–
77. doi: 10.1001/jama.297.9.969

74. Sacks FM, Bray GA, Carey VJ, Smith SR, Ryan DH, Anton SD,
et al. Comparison of weight-loss diets with different compositions
of fat, protein, and carbohydrates. N Engl J Med. (2009) 360:859–
73. doi: 10.1056/NEJMoa0804748

75. Shai I, Schwarzfuchs D, Henkin Y, Shahar DR, Witkow S, Greenberg I, et al.
Weight loss with a low-carbohydrate, Mediterranean, or low-fat diet. N Engl

J Med. (2008) 359:229–41. doi: 10.1056/NEJMoa0708681

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Copyright © 2021 Griauzde, Standafer Lopez, Saslow and Richardson. This is an

open-access article distributed under the terms of the Creative Commons Attribution

License (CC BY). The use, distribution or reproduction in other forums is permitted,

provided the original author(s) and the copyright owner(s) are credited and that the

original publication in this journal is cited, in accordance with accepted academic

practice. No use, distribution or reproduction is permitted which does not comply

with these terms.

Frontiers in Nutrition | www.frontiersin.org 7 July 2021 | Volume 8 | Article 682137

https://doi.org/10.1001/jama.2012.6866
https://doi.org/10.1016/j.jpsychores.2005.06.060
https://doi.org/10.1007/s10865-009-9221-8
https://doi.org/10.1016/j.cct.2016.01.011
https://doi.org/10.1007/s12160-016-9830-8
https://doi.org/10.2196/jmir.8701
https://doi.org/10.1007/s11892-019-1127-4
https://doi.org/10.1371/journal.pone.0232680
https://doi.org/10.1136/bmj.312.7023.71
https://www.drdavidludwig.com/
https://doi.org/10.1038/ijo.2017.96
https://doi.org/10.1093/jn/nxz308
https://doi.org/10.1136/bmjopen-2013-003505
https://doi.org/10.1002/oby.21112
https://doi.org/10.3390/nu9080913
http://eguideline.guidelinecentral.com/i/1180534-low-carb-nutritional-approaches-guidelines-advisory/0?
http://eguideline.guidelinecentral.com/i/1180534-low-carb-nutritional-approaches-guidelines-advisory/0?
https://www.ruled.me/guide-to-micronutrients/
https://doi.org/10.1186/1743-7075-5-9
https://doi.org/10.1017/S0007114515004699
https://doi.org/10.1093/jn/129.11.2005
https://doi.org/10.1002/oby.22791
https://oma.cld.bz/2021-Obesity-Algorithm-e-Book
https://oma.cld.bz/2021-Obesity-Algorithm-e-Book
https://doi.org/10.1093/ajcn/82.1.222S
https://doi.org/10.1111/obr.12783
https://doi.org/10.1007/s00464-021-08329-w
https://doi.org/10.1111/obr.12606
https://doi.org/10.1111/j.1467-789X.2005.00170.x
https://doi.org/10.1001/jama.2018.0245
https://doi.org/10.1001/jama.2020.6775
https://doi.org/10.1001/jama.297.9.969
https://doi.org/10.1056/NEJMoa0804748
https://doi.org/10.1056/NEJMoa0708681
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://www.frontiersin.org/journals/nutrition#articles

	A Pragmatic Approach to Translating Low- and Very Low-Carbohydrate Diets Into Clinical Practice for Patients With Obesity and Type 2 Diabetes
	Introduction
	Step 1: Offer Dietary Carbohydrate Restriction as an Evidence-Based Treatment Option
	Step 2: Reduce Intake of Common Dietary Culprits of Weight Gain and Metabolic Dysregulation
	Step 3: Tailor the Degree of Carbohydrate Restriction to Patients' Preferences and Needs
	Step 4: Mitigate Side Effects and Risk
	Step 5: Support Weight Maintenance
	Conclusion
	Data Availability Statement
	Author Contributions
	Funding
	Supplementary Material
	References


