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Clinical Nutrition Guidelines

Chinese Guidelines for Medical Nutrition Therapy
for Patients with Diabetes (2022 Edition)

Nutrition and Metabolic Management Branch of China International Exchange and
Promotive Association for Medical and Health Care, Clinical Nutrition Branch of
Chinese Nutrition Society, Chinese Diabetes Society, Chinese Society for Parenteral
and Enteral Nutrition, Chinese Clinical Nutritionist Center of Chinese Medical Doctor

Association

Medical nutrition therapy (MNT) is the foundation of the comprehensive treatment of patients with diabetes. In
2010, the Chinese Clinical Nutritionist Center of the Chinese Medical Doctor Association developed the first
Chinese guideline on MNT for patients with diabetes, and it was updated in 2015. Since then, new evidence has
emerged in the field of MNT and metabolic therapy in patients with diabetes. The Nutrition and Metabolic Man-
agement Branch of the China International Exchange and Promotive Association for Medical and Health Care or-
ganized a team of experts from related institutions, including the Clinical Nutrition Branch of the Chinese Nutri-
tion Society, Chinese Diabetes Society, Chinese Society for Parenteral and Enteral Nutrition, and Chinese Clini-
cal Nutritionist Center of the Chinese Medical Doctor Association. Their task was to develop the Chinese Guide-
lines of Medical Nutrition Therapy in Diabetes (2022 Edition) in accordance with the requirements of the Guide-
lines for the Formulation/Revision of Clinical Guidelines in China (2022 Edition) by combining the questions
raised and evidence gathered in clinical practices in China, to guide and standardize the clinical MNT.
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FOREWORD

The incidence of diabetes has increased at a phenomenal
rate over the past 50 years. The International Diabetes
Federation in 2019 reported that 463 million people
worldwide have diabetes,* and the prevalence of maturi-
ty-onset diabetes in China has reached 11.2%.?

Medical nutrition therapy (MNT) is essential for the
prevention and control of diabetes at any stage. Since the
American Diabetes Association (ADA) first issued the
Principles of Nutrition and Dietary Recommendations for
Patients with Diabetes Mellitus in 1971,% the principles of
individualized nutrition therapy for diabetes have been
regularly updated.

In 2010, the first Chinese guideline on MNT of diabe-
tes was developed by the Chinese Clinical Nutritionist
Center of the Chinese Medical Doctor Association in con-
junction with the Chinese Diabetes Society and was up-
dated in 2015.# The Nutrition and Metabolic Management
Branch of the China International Exchange and Promo-
tive Association for Medical and Health Care initiated the
revision of the Chinese Guidelines of Medical Nutrition
Therapy in Diabetes by organizing experts from the Clin-
ical Nutrition Branch of the Chinese Nutrition Society,
Chinese Diabetes Society, Chinese Society for Parenteral
and Enteral Nutrition, and Chinese Clinical Nutritionist
Center of the Chinese Medical Doctor Association. In
accordance with the requirements of the methodology, the
branch collected evidence and graded their quality and
recommendations (Tables 1 and 2) and also completed
the international registration of this guideline by referring

to the Guidelines for the Formulation/Revision of Clinical
Guidelines in China (2022 Edition)® and formulated the
Chinese Guidelines of Medical Nutrition Therapy in Dia-
betes (2022 Edition). Each section of this guideline is
organized by the basic framework of "Background -
Questions - Recommendations - Brief Description of Evi-
dence”.*® When the benefits of an intervention outweigh
the risks, and the intervention is economically affordable,
the intervention is "strongly recommended”; when the
benefits are diminished, or the risks increased, the inter-
vention is downgraded to "weakly recommended”; and,
conversely, when the risks outweigh the benefits or the
benefits are minimal and the economic burden is signifi-
cant, the intervention is either "strongly not recommend-
ed" or "not recommended.”
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Table 1. Information on evidence searches

Information on literature
searches

Specific description

Time of literatures
Languages
Databases

Screening item

January 1, 2000, to December 31, 2021

English, Chinese

Primary databases include Medline, EMBASE, Web of Science, China Biology Medicine disc, etc.
Secondary databases include Guideline Clearing House, Cochrane Library, Sum Search, etc.
Human

Publication type of literatures Guideline, meta-analysis, system review, randomized controlled trial, observational study, case

Key search terms

report, consensus opinions
diabetes, nutrition, in each chapter, the search terms of related fields are further determined accord-
ing to the contents

Table 2. GRADE system for grading the strength of evidence and recommendations

119

Grades Specific descriptions

High (A) There is a high level of confidence that the estimated effect size is close to the true effect size and that
further research is unlikely to change the confidence level of the estimated effect size.

Medium (B) There is a medium level of confidence in the estimated effect size, which may be close to the true effect
size, but there is still a possibility that both effect sizes are not the same and that further research may
change the confidence level of the estimated effect size.

Low (C) There is a limited level of confidence in the estimated effect size, which may be entirely different from
the true effect size, and further research is necessary to change the confidence level of the estimated
effect size.

Very low (D) There is little confidence in the estimated effect size, which is likely to be completely different from the

true effect size, and any estimate of the effect size is highly uncertain.

Strongly recommended
weigh the benefits.
Weakly recommended
risks.

Presence of clear indications that the benefits of the intervention outweigh the risks, or the risks out-

The benefits and risks are uncertain, or the evidence, regardless of quality, shows equal benefits and

GRADE refers to the evaluation, formulation, and assessment of grading recommendations

CHAPTER 1: OVERVIEW OF MEDICAL
NUTRITION THERAPY
MNT is an individualized nutrition prescription estab-
lished in line with the patient's medical conditions, life-
style, and personal factors. It is an indispensable part of
the treatment of diabetes, involving nutrition assessment,
diagnosis, intervention, and continuous monitoring de-
signed to support changes in long-term lifestyle and mod-
ify the interventions as needed.”® The discovery of insu-
lin as early as 1921 prompted an increase in the amount
of carbohydrates in the diabetic diet from 2 to 35% to
40% of the energy supply ratio. After 1970, increased
cardiovascular mortality in patients with diabetes led to a
10% decrease in the recommendations for fat intake and
an increase in the recommendations for carbohydrates to
55% to 60%.° Since 2006, an emphasis on individualized
MNT for patients with diabetes has emerged.°

In patients with T2DM, intensive lifestyle interventions
can reduce the weight of obese individuals.?* The UK
DIiRECT study suggested that nutritional interventions in
overweight/obese patients with T2DM with strict calorie
restriction resulted in a weight loss of at least 15 kg in
24% of patients at one year.? In Chinese community-
based patients with T2DM who received intensive nutri-
tional management for diabetes for 1-year, significant
improvements in fasting blood glucose and HbA1c levels
were observed in the intervention group.'® A systematic
review of individualized nutritional interventions for glu-
colipid metabolism in T2DM involving a total of 928
patients from eight randomized controlled trials (RCTS)
indicated that nutritional interventions were effective in

improving fasting blood glucose (FBG), postprandial
blood glucose (PBG), and insulin resistance index.'*

These findings showed that the intensive intervention
group experienced significant improvements in systolic
and diastolic blood pressure, triglyceride (TG), high-
density lipoprotein cholesterol (HDL-C), and urine albu-
min-creatinine ratio compared to the control group at one
year, and the proportion of patients with concomitant
blood glucose, lipid, and blood pressure compliance was
23.6%, compared with only 16.0% in the control group.*
The ability of MNT to significantly improve waist cir-
cumference, total cholesterol, and systolic blood pressure
has been demonstrated.’® Similarly, MNT contributes to
the cost-effectiveness of comprehensive treatments for
diabetes.'7 18

CHAPTER 2: EFFECT OF NUTRITION-RELATED
ELEMENTS IN NUTRITION THERAPY ON
DIABETES

Calorie

The appropriate intake of calories is the basis for prevent-
ing the development of diabetes and nutritional therapy
for T2DM. The appropriate intake of calories in T2DM
depends on multiple factors and needs to be individual-
ized. Calorie-restricted diets are one of the dietary inter-
ventions for diabetes. Depending on the degree of re-
striction, such diets are categorized as low-calorie diets
(LCD) and very low-calorie diets (VLCD). In general,
LCD refers to a diet with calorie intake controlled in the
range of 800-1500 kcal/d, and VLCD refers to a diet with
total calorie intake controlled at < 800 kcal/d. These diets
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are also divided into short-term (<9 days) or long-term
calorie-restricted diets based on the duration of re-
striction.

Diets can be further categorized as intermittent energy
restriction (IER) and continuous energy restriction (CER).
On diet-restricted days of IER, calorie supply is typically
0% to 25% of the normal demand (< 800 kcal/day). Com-
pliance with IER in a brief period can reach 93%.° Pa-
tients who are overweight or have obesity presenting with
T2DM should be guided by their healthcare professionals
for IER, and particular attention should be paid to the
adjustment of medication, frequency of glucose monitor-
ing, and fluid intake.?°

Q1: What is the appropriate caloric range for patients
with diabetes?

Patients with diabetes should receive the individualized
calorie balance plan to achieve or maintain the ideal body
weight while meeting nutritional needs under different
circumstances (B, strongly recommended)

It is recommended that calorie intake be calculated us-
ing a universal coefficient method based on 25-30
kcal/kg IBW per day and then adjusted to the individual-
ized calorie criteria based on height, weight, sex, age,
activity level, and stress status (Table 3).% 2

Q2: Does LCD/VLCD help in glucose management in
T2DM?

1. LCD contributes to the weight and glucose manage-
ment in overweight/obese patients with diabetes in the
short term (< 1 year) (A, strongly recommended)

2. VLCD can help improve FBG, HbAlc, insulin re-
sistance, body weight, and other indicators in T2DM in
the short term (C, weakly recommended), but the long-
term application of VLCD is not recommended due to the
potential for complications such as hypoglycemia (C,
strongly recommended)

The results of several RCTs have shown that 4-week to
1-year of interventions with LCD at 800-1100 kcal/day
resulted in significant reductions in body weight, FBG,
HbA1c, and type and dose of medication in patients who
are overweight/obese with T2DM?%32 without significant
adverse effects. The findings of six short-term (< 9d)
small-sample observational studies indicated that weight,
waist circumference, FBG, TG, insulin resistance index,
and other indicators were significantly reduced in patients
who were overweight/obese with T2DM after VLCD in-
terventions and remained stable during the 3-month fol-
low-up period.** Three studies of patients who were
overweight/obese with T2DM with sample sizes ranging
from 11 to 30 provided VLCD interventions for eight
weeks and discontinued antidiabetic drugs, resulting in

significant reductions and
HbA1c 34

Li Chunrui et al.®* conducted a 9-day VLCD on 20 pa-
tients with T2DM with a body mass index (BMI) of
(25.91 + 2.83) kg/m?, and 21 hypoglycemia events in 9
cases, with the lowest glucose being 3.1 mmol/L, and six
hypoglycemia events occurred on Day 6 of the VLCD.
Hyperuricemia events occurred in 16 cases, with mean
value of uric acid increased from 322.20 pmol/L to
547.40 pmol/L, and the uric acid began to decrease in 14
cases at the end of the diet restriction and decreased to

normal in three cases.

in body weight, FBG,

Q3: What is the effect of IER/CER on glucolipid me-
tabolism and body weight in patients with T2DM?
Both IER/CER are favorable for blood glucose and
weight management in overweight/obese patients with
T2DM, with IER being more favorable than CER for
weight management (B, weakly recommended)

A meta-analysis in 2021 included seven studies of 338
patients with T2DM with BMI > 35.65 kg/m? and showed
that both the IER and standard diet groups were effective
in improving blood glucose, with IER being more favora-
ble in weight management.*> For obese patients with
T2DM with a BMI of (35.2 + 5.0) kg/m?, calorie intake
was 400-600 kcal/day in the IER group and 1100-1500
kcal/day in the CER group on diet-restricted days, with
results suggesting that both IER and CER were beneficial
for blood glucose/weight management, but no difference
was observed between the two groups in the long-term.*
® Meta-analysis results showed a similarity between IER
and CER dietary patterns in improving fasting insulin,
lipids, and hypoglycemia, but IER was more advanta-
geous in terms of weight management.*6

Carbohydrates

Q4: What are the effects of carbohydrate intake on
the control of blood glucose and insulin levels and the
risk factors for complications?

A daily carbohydrate energy supply ratio of 45% to 60%
is appropriate for diabetes (B, strongly recommended).
Carbohydrate-restricted diets are beneficial for blood glu-
cose control in T2DM in the short term (within one year),
achieving slight improvements in TG and HDL-C levels,
with no identified long-term benefits (B, weakly recom-
mended). Very low-carbohydrate diets are not used for
patients with type 1 diabetes mellitus (C, strongly rec-
ommended)

A meta-analysis that included 25 RCTs with a total of
2,421 participants showed that significant reductions in
HbALc could be achieved at 3 and 6 months with the low-
carbohydrate diet (< 26% energy supply ratio). However,

Table 3. Daily calorie supply for adults with diabetes [kd/kg (kcal/kg)]

Intensity of labor activities

Underweight

Normal weight Overweight/obese

High-intensity physical activities (e.g., porters)

Medium-intensity physical activities (e.g., motorized 167 (40)
installation)
Low-intensity physical activities (e.g., sitting work) 146 (35)

Resting state (e.g., bedridden)

188-209 (45-50)

104-125 (25-30)

167 (40)
125-146 (30-35)

146 (35)
125 (30)

104-125 (25-30)
84-104 (20-25)

84-104 (20-25)
62-84 (15-20)
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after months 12-24, the difference in the effect on glucose
was not statistically significant when compared to the
balanced diabetic diet with a carbohydrate energy supply
ratio of 45%—-60% (e.g., including glycemic index [GI]
balanced diets, or ADA recommended diets.*’

In a meta-analysis that included 25 RCTs, only 7 of the
17 related studies demonstrated improvement in lipids.*®
Another meta-analysis that included 33 RCTs and three
clinical studies showed that only 5 out of 20 relevant
studies reported significant reductions in TG levels, rang-
ing from 0.1 to 1.6 mmol/L.*

A meta-analysis that included 23 RCTs with a total of
1,357 participants found no significant difference in qual-
ity of life at six months for those on low-carbohydrate
diets compared to those on low-fat, low-Gl, or Mediterra-
nean diets. However, the quality of life and levels of low-
density lipoprotein cholesterol (LCD) were worse after 12
months.® In a systematic review investigating adults and
children with type 1 diabetes mellitus (T1DM), a carbo-
hydrate-restricted diet was provided for two weeks to
compare HbALc levels, severe hypoglycemic events, and
total daily insulin dosage. The results indicated that those
with significant improvements in HbAlc were compara-
ble to those without significant changes, the overall effect
of which cannot yet be evaluated, and VLCD is not rec-
ommended in view of possible safety concerns.>

Q5: Do different food sources of carbohydrates have
any effect on the control of blood glucose, insulin lev-
els, and complications and their risk factors?
Replacing part of refined grains with whole grain carbo-
hydrates favors the control of blood glucose, TG, and
body weight (B, strongly recommended)

An RCT that included 287 patients with T2DM found
that low-fat and high-fiber diets achieved significant im-
provements in FBG, TG, and body weight compared with
those in the control group.>? Another RCT that included
185 patients with T2DM suggested that replacing staple
foods with whole grains and legumes (polished rice re-
placed with 1/3 mixed beans, 1/3 barley, and 1/3 whole
grains, three times/day) reduced TG levels by affecting
lipoprotein gene expression, producing protective effects
on glycemic control and lipid metabolism in T2DM.

Q6: What is the effect of the content and source of
dietary fiber (non-supplemental or additional) on gly-
cemic control and complications?

Diets high in dietary fiber (25 - 36 g/day or 12 - 14
g/1000 kcal), especially those that ensure soluble dietary
fiber intake (10 - 20 g/day), contribute to the control of
blood glucose and reduce all-cause mortality in patients
with TIDM and T2DM (B, strongly recommended)

The addition of dietary fiber prolongs gastric emptying
time in patients with diabetes, delays glucose digestion
and absorption, and improves PBG metabolism and long-
term diabetic control. Twenty-eight TLDM patients with a
mean age of (28.2 + 9.5) years were separated into high-
fiber diet and low-fiber diet groups, with dietary fiber
intake of 36.7 + 9.4 and 15.4 £ 3.6 g/day, respectively,
and the long-term viability of the diets in the high-fiber
diet group was identified. The improvement of blood glu-
cose levels and the reduction in the number of hypogly-

cemic events were seen in comparison to those in the
low-fiber diet group after eight weeks of interventions.>
In a cohort study of 2,108 patients with TLDM, the popu-
lation was equally divided into three groups according to
the amount of total dietary fiber, soluble and insoluble
dietary fiber in the diets, the group with the highest intake
of total dietary fiber, and the group with the highest in-
take of soluble dietary fiber had significantly reduced
incidence of cardiovascular disease and all-cause mortali-
ty relative to the group with the lowest intake.>® Similarly,
a European T2DM cohort study with an average follow-
up time of 9.2 years divided the population by total die-
tary fiber intake into quartiles and found that the group
with the highest dietary fiber intake had a significantly
reduced risk of death compared to the group with the
lowest intake.%®

Q7: What are the effects of specific carbohydrates
(sucrose and fructose) on the control of blood glucose
and insulin levels?
Routine sucrose addition is not recommended. The isoen-
ergetic replacement of part of the dietary carbohydrates
with sucrose (30-50 g) / increase in carbohydrates had no
effect on glycemic control or insulin sensitivity (C, weak-
ly recommended). The isoenergetic replacement of car-
bohydrates with high doses of additive fructose (> 50g)
has an increased risk of TG (C, weakly recommended)
Clinical studies have demonstrated that the magnitude
of the blood sugar increase due to sucrose is no greater
than that caused by isoenergetic starch. In normal-weight
or overweight patients with TLDM, the isoenergetic re-
placement of part of the dietary carbohydrates with su-
crose (27.3 + 13.5 g) produced no effect on insulin re-
quirements, anthropometric index, body composition,
lipids, and blood glucose but increased C-reactive protein
level.> A UK study in overweight patients with T2DM
found that an additional 50 g of sucrose per day did not
affect glycemic control or insulin sensitivity, but the in-
take of other nutrients (e.g., fat) accompanying the con-
sumption of sucrose should still be considered, with care
being taken to avoid excessive calorie intake; therefore,
the routine addition of sucrose is not recommended for
patients.® A meta-analysis of TLDM and T2DM identi-
fied a 50 g threshold for the effect of replacing sucrose,
glucose, or starch with isoenergetic fructose (20-160
g/day) on lipids and body weight, and that excessive

amounts could lead to significant increases in TG lev-
els.59-63

Fat

Q8: What is the recommended total daily dietary fat
and all types of fatty acids for patients with T2DM?
Energy from the recommended total daily dietary fat ac-
counts for 20%-35% of the total energy. It should be em-
phasized that the quality of fat outweighs its proportion,
and restrictions on the intake of both saturated fatty acids
and trans-fatty acids are required. It is recommended that
the intake of saturated fatty acids not exceed 12% of the
total energy, that the intake of trans-fatty acids not exceed
2%, and that polyunsaturated and monounsaturated fatty
acids should be increased appropriately to replace part of
the saturated fatty acids (B, strongly recommended)
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Recommendations should be individualized based on
metabolic targets, comorbidities, dietary patterns, and
dietary preferences.®* At the international level, it is now
generally recommended that the total fat energy supply
ratio be 20%—-35%, and it should be emphasized that the
quality of fat takes priority over quantity. It is recom-
mended that partially saturated fatty acids (SFA) be re-
placed with polyunsaturated fatty acids (PUFA) and
monounsaturated fatty acids (MUFA). In countries fol-
lowing the Mediterranean diet, up to 40% of fat energy in
the diet is derived from MUFA, with no adverse effects
on metabolic results.%> % Researchers have found that a
higher SFA intake within a specific range does not in-
crease the risk of major cardiovascular diseases and
death, and the median high SFA intake in Asia in this
study was 12.1%.5” Therefore, it is recommended that the
energy supply ratio of SFA should not exceed 12%. Stud-
ies have revealed that isoenergetic replacement of 5%
SFA with PUFA and MUFA reduced the risk of coronary
heart disease by 25% and 15%, respectively, whereas a
2% increase in the energy supply ratio of trans-fatty acids
increased the risk of cardiovascular disease by 16%.%
Wang et al.”® found that isoenergetic replacement of 5%
SFA with PUFA and MUFA reduced overall mortality in
the population by 27% and 13%. In addition, studies have
shown that MUFA-rich diets are recommended in predia-
betic populations complicated by fatty liver and in pa-
tients with T2DM.™ 72

Q9: Do patients with diabetes need to limit cholesterol
intake?

Cholesterol intake in patients with T2DM should not ex-
ceed 300 mg/day (B, weakly recommended)

A meta-analysis based on 55 RCTs showed a dose-
response relationship between dietary cholesterol intake
and LDL-C, controlling for differences in fatty acid com-
position. A multiple regression model with controlled
differences in SFA, MUFA, and PUFA showed that for
every 100 mg/day increase in dietary cholesterol, LDL-C
increased by 0.11 - 0.27 mmol/L, indicating a direct cor-
relation between dietary cholesterol and LDL-C, suggest-
ing that cholesterol intake in patients with T2DM should
be no more than 300 mg/day.”

Q10: Is supplementation with ®-3 polyunsaturated
fatty acid supplementation beneficial in T2DM?

The supplementation with @-3 polyunsaturated fatty acids
contributes to reducing TG levels in T2DM, but the effect
on glycemic control is yet unspecified (B, strongly rec-
ommended)

A meta-analysis based on 23 RCTs showed that daily
supplementation with 3.5 g ®-3 PUFA for an average of 8
weeks in patients with T2DM significantly lowered TG
and very low-density lipoproteins but did not have a sig-
nificant effect on FBG, HbAlc, and fasting insulin.”* Ac-
cording to a intervention study conducted in China, daily
supplementation with 3 g of -3 PUFA from animal and
plant sources for patients with T2DM combined with
dyslipidemia for six months significantly reduced blood
TG and TC levels, whereas plant-based w-3 PUFA im-
proved blood glucose and HbA1c levels.” Supplementa-
tion with 3 g of -3 PUFA daily for 18 months for over-

weight/obese patients with impaired fasting glucose or
impaired glucose tolerance (IGT) is effective in lowering
blood glucose and slowing the progression of T2DM." A
24-week supplementation with 520 mg of ®-3 PUFA dai-
ly for Mexican patients with T2DM achieved improve-
ments in waist circumference, FBG, HbAlc, and lipid
profiles, and increased insulin levels and insulin re-
sistance index.”

Protein
Q11: What is the appropriate proportion of protein
intake to the total calorie intake in patients with dia-
betes with normal renal function? Does increased pro-
tein intake help to control lipid and blood glucose lev-
els?
Protein intake in patients with diabetes with normal renal
function should be 15% to 20% of the total energy (B,
strongly recommended). Short-term high protein diet
benefits the weight, lipids, and glucose in overweight and
obese patients with diabetes (B, weakly recommended)
Daily protein intake should be 15 - 20% of the total en-
ergy, as recommended in the Guideline for the Prevention
and Treatment of Type 2 Diabetes Mellitus in China
(2020 Edition).? A meta-analysis of 13 RCTs evaluated
the effect of a 12-week high-protein diet (energy supply
ratio > 25%) on lipid control in patients with T2DM and
showed a reduction in TC and TG levels.”® After a 6-
month high-protein dietary intervention in 73 patients
with T2DM, lipid distribution improved in both the inter-
vention (35 %) and control (18 %) groups, but the con-
centration of ApoB was decreased more in the interven-
tion group.” A meta-analysis of 18 RCTs showed that
high-protein diets for four weeks to 24 months reduced
TG levels in patients with diabetes compared to normal
protein diets.2® Another meta-analysis that included 21
RCTs showed better glycemic control in the high-protein
diet group.8!

Vitamins and trace elements

Q14: What is the effect of folic acid supplementation
on patients with diabetes?

Folic acid supplementation may favor glucose homeosta-
sis and reduce insulin resistance (C, weakly recommend-
ed)

A meta-analysis of 29 RCTs with 22,250 patients
showed that interventions using folic acid supplementa-
tion alone or in combination with other B-vitamins re-
duced fasting insulin levels, and homocysteine (Hcy)
changes correlated with FBG changes in 11 studies of 834
patients with diabetes.®? Another meta-analysis that in-
cluded 183 patients with T2DM from four studies showed
that folic acid supplementation (5 mg/day) reduced total
plasma Hcy levels and might show a trend toward im-
proved glycemic control.83 According to a meta-analysis
that included a total of 21,081 patients with diabetes from
18 studies aimed at investigating the relationship between
folic acid supplementation (0.15-15.00 mg/day) and dia-
betes, the FBG, insulin resistance, and insulin might be
reduced due to the folic acid supplementation, but no sig-
nificant effect on HbAlc, suggesting that folic acid might
have potential benefits on insulin resistance and glycemic
control.8
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Q15: What is the effect of vitamin D supplementation
in pre-diabetic and diabetic populations?

There is no evidence of the efficacy of vitamin D sup-
plementation in delaying the onset of diabetes or lowering
blood glucose levels in diabetic and prediabetic popula-
tions (C, weakly recommended). The supplementation
with high-dose vitamin D can have a mild glucose-
lowering effect under particular circumstances, but rou-
tine vitamin D supplementation for glucose-lowering is
not recommended (B, strongly recommended)

Vitamin D levels are negatively correlated with blood
glucose levels in patients with diabetes.®> & A random-
ized, double-blind, placebo-controlled trial (2,423 pa-
tients) assessed the efficacy of oral vitamin D3 for the
prevention of diabetes, and 508 patients were found to
have developed diabetes, indicating that supplementation
with vitamin D3 (4,000 IU/day) did not significantly re-
duce the risk of progression from pre-diabetes to diabe-
tes.®” A meta-analysis of 20 RCTs with a total of 1,270
patients suggested that vitamin D interventions did not
have a significant effect on HbAlc and FBG levels, but
inflammatory factors in the vitamin D supplementation
group showed specific improvements.®® Another meta-
analysis that incorporated 20 RCTs with a total of 2,703
patients with diabetes also identified that vitamin D sup-
plementation alone failed to improve FBG, HbAlc, and
insulin levels; however, subgroup analyses showed that
short-term supplementation with high-dose (> 2,000
IU/day) vitamin D had the potential to decrease the level
of FBG in populations with vitamin D deficiency.?®

Q16: How does combined supplementation with mul-
tivitamins and minerals affect T2DM development?
Combined supplementation with multivitamins and min-
erals may be beneficial for glucose and lipid metabolism
in obese patients with T2DM, and its efficacy remains to
be further investigated (C, weakly recommended)
According to a cross-sectional study of 300 patients
with T2DM and 100 healthy controls, levels of multi-
vitamins and minerals (vitamins A, C, and E, and zinc)
were lower in the serum of patients with T2DM than in
healthy participants. No less than six weeks of supple-
mentation with multivitamins and minerals significantly
increased levels of vitamins A and E in the serum while
decreasing levels of FBG and HbAlc and potentially re-
ducing complications.®® Based on a 4-month RCT of 96
patients with T2DM, supplementation with zinc (22
mg/day) in combination with a vitamin-mineral complex
(containing vitamins A, D3, and E, magnesium, manga-
nese, copper, and selenium) lowered FBG, HbAlc, and
lipid levels in patients with diabetes. In contrast, no im-
provement was observed in patients supplemented with
the vitamin-mineral complex alone.®* In a study of 20
obese individuals and 10 obese patients with T2DM, B-
vitamins combined with selenium-chromium yeast were
administered for four weeks of intervention, with results
indicating that B-vitamins combined with selenium-
chromium yeast might reduce insulin resistance, improve
the disorders of glucolipid metabolism, and alleviate fat
deposition in the liver without exerting significant effects
on liver and kidney functions, and could be put into clini-

cal application as a safe and effective means of metabolic
regulation.®?

Q17: Is chromium supplementation effective for dia-
betes?

Chromium deficiency may be associated with the devel-
opment of diabetes mellitus, but there is no consistent
evidence of the benefits of routine chromium supplemen-
tation for glycemic and lipid control in patients with dia-
betes (C, weakly recommended)

Chromium is an essential trace element and is the most
vital component of glucose tolerance. A cross-sectional
study (319 patients) indicated that serum chromium levels
were lower in patients with diabetes than in those without
diabetes.”® A meta-analysis that included 13 RCTs with a
total of 2,519 patients showed that chromium deficiency
increased the risk of developing T2DM.** A meta-
analysis that included 25 RCTs with a total of 1,641 pa-
tients with T2DM showed that supplementation with
150-1000 pg/day chromium or supplementation with
1.28-42.00pg/day chromium yeast was beneficial for
glycemic and lipid control in patients with diabetes.%
However, one meta-analysis that incorporated 10 RCTs
with a total of 509 patients with T2DM revealed that sup-
plementation with 42-1000 pg/day chromium prepara-
tions reduced HbAlc, but no improvement in FBG and
lipid levels was observed.®® In addition, another meta-
analysis that pooled seven RCTs with a total of 387 pa-
tients with T2DM revealed that FBG might be reduced by
supplementation with 400-1000 pg/day chromium, but
HbA1c, lipid, and BMI were not affected.®” The conclu-
sions from these studies have not been agreed.

Sweeteners

Q18: How do nutritive sweeteners affect the control of
blood glucose and insulin?

Short-term intake of small doses of fructose sweeteners or
allulose did not elevate postprandial glucose levels in
adults with T2DM (D, weakly recommended). Replace-
ment of glucose with xylitol has no significant effect on
2-h postprandial glucose in patients with T2DM with ad-
equate glycemic control (C, weakly recommended)

In the 75 g oral glucose tolerance test (OGTT), some
investigators added 5-10 g of fructose or allulose to com-
pare the change in the area under the curve of the OGTT,
and the results showed no further increase in post-OGTT
blood glucose.® According to a randomized trial in 51
patients with T2DM with HbAlc < 7%, under isoenerget-
ic replacement, the use of xylitol-containing desserts with
low glycemic load (GL) (xylitol content of 14.3 g/100 g)
instead of traditional desserts (sugar content of 33.4 g/100
g) reduced blood glucose by 0.49 mmol/L at 30, 60, and
90 min after meals. However, PBG was not significantly
affected.®®

Q19: How do non-nutritive sweeteners affect glycemic
control, insulin levels, and body weight?

Non-nutritive sweeteners such as steviol glycoside, su-
cralose, aspartame, and saccharin have no significant ef-
fect on FBG, HbA1lc, and BMI in patients with T2DM (B,
weakly recommended)
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Several studies have shown that the intake of small
doses of non-nutritive sweeteners does not affect glyce-
mic control in patients with T2DM. Some investigators
added 400 mg of aspartame or 135 mg of saccharin to
unsweetened beverages to observe changes in blood glu-
cose 3 hours after drinking and found that blood glucose
levels were not affected at 3 hours compared to unsweet-
ened beverages.!® An 18-week-long RCT randomizing
62 patients with T2DM to the 2.7 g/day aspartame group
and the placebo group showed no statistically significant
differences in FBG, PBG, and HbA1c.2* A study investi-
gating blood glucose and serum C-peptide levels in pa-
tients with T2DM four hours after administration of 1,000
mg sucralose found that the difference in changes in
blood glucose and C-peptide levels was not statistically
significant compared to the control group.l®> A 3-month
RCT identified no significant change in HbAlc from
baseline in the steviol glycoside group compared to the
placebo group.t®

Q20: How do alcohol and alcoholic beverages affect
glycemic control?

Alcohol is not beneficial for glycemic control in patients
with T2DM, and alcohol consumption increases the risk
of hypoglycemia in patients with TLDM and is therefore
not recommended for patients with diabetes (B, strongly
recommended)

In a 2-year RCT study, 244 participants were randomly
assigned to three groups that consumed 150 mL of miner-
al water, white wine, or red wine with dinner daily, and
all participants followed a Mediterranean diet without
calorie restriction, indicating that glycemic control (FBG,
HbA1c, and insulin resistance) was improved only in par-
ticipants with retarded alcohol metabolism compared to
those with rapid alcohol metabolism.1® A meta-analysis
that pooled nine studies of short-term RCTs of T2DM
identified no difference in blood glucose levels after 0.5,
2.0, 4.0, and 24.0 hours in patients who consumed 16-80
g of alcohol in a single session compared with non-
drinking patients. In addition, no difference was observed
in HbAlc levels in patients who consumed 11-18 g of
alcohol per day compared with non-drinking patients dur-
ing the follow-up period of 4-104 weeks.!® However,
alcohol consumption carries the risk of inducing hypogly-
cemia. Sixteen T1DM patients who drank vodka (0.85
g/kg) with dinner reported a 2-fold elevated risk of hypo-
glycemia, with continuous glucose monitoring suggesting
the most pronounced glucose reductions at night and a
risk of hypoglycemia persisting through day 2.1%

Phytochemicals
Q21: What is the effect of phytochemical polyphenols
on blood glucose regulation in patients with T2DM?
The phytochemical polyphenols may be beneficial in the
management of diabetes and its complications (D, weakly
recommended), and proanthocyanidins may be suitable
for glycemic control (B, weakly recommended)
According to the results of a meta-analysis that includ-
ed 20 RCT studies, polyphenol intake might reduce FBG
levels in patients with T2DM or those at risk for diabetes
(reduced by 0.18 mmol/L, p = 0.011).1%” A 12-week RCT
in a Chinese population of 160 patients with prediabetes

or diabetes revealed that purified anthocyanins were ben-
eficial for the control of blood glucose and lipid levels.*%®
A meta-analysis of seven RCTs also showed that glyce-
mic control in patients with T2DM might benefit from
supplementation with a specific dose of anthocyanin
(9.1-9.8 mg) per day for 8-12 weeks.1%°

CHAPTER 3: DIETARY STRUCTURE

Q23: Does the Mediterranean diet prevent the devel-
opment of T2DM, improve blood glucose and lipid
control, and reduce the risk of cardiovascular diseas-
es?

The Mediterranean diet helps to reduce the risk of T2DM
by controlling blood glucose in patients with T2DM and
contributing to the increase of HDL-C levels and the de-
crease of LDL-C and TG levels, thus lowering the risk of
cardiovascular diseases (A, strongly recommended)

A Spanish PREDIMED multi-center RCT study in
2014 that included 7,447 non-T2DM participants indicat-
ed a 40% and 18% decrease in the risk of T2DM in the
olive oil-rich Mediterranean diet group and the nut-rich
Mediterranean diet group, respectively, when compared
with the low-fat diets.’® Meta-analyses in recent years
have revealed that the Mediterranean diet significantly
reduces the risk of T2DM. A 2017 meta-analysis that
included 48 studies showed that a Mediterranean diet
reduces the risk of developing diabetes.!'* Another sys-
tematic review published in 2015 revealed that the Medi-
terranean diet could reduce HbAlc and FBG levels, im-
prove insulin resistance in T2DM, effectively control
glycemia, and prevent cardiovascular diseases in patients
with T2DM.11?

Q24: Does the termination of dietary approaches to
stop hypertension (DASH) prevent T2DM? Can im-
provements in blood glucose and lipid levels in T2DM
reduce the risk of cardiovascular disease?

The DASH diets reduce the risk of morbidity and lower
fasting insulin levels in patients with T2DM, but no sig-
nificant improvement was seen in FBG and homeostasis
model assessment for insulin resistance (HOMA-IR) (B,
weakly recommended)

A meta-analysis in 2014 showed a lower risk of T2DM
among those with higher DASH dietary adherence.!® A
2017 meta-analysis of 16 cohort studies demonstrated that
the DASH diet reduced the risk of developing diabetes
and that the dietary structure with red meat, processed
meats, refined grains, high-fat dairy products, eggs, and
fried products as the main elements were positively asso-
ciated with the development of diabetes (RR value of
1.44), whereas the dietary structure with vegetables, leg-
umes, fruits, poultry, and fish as the main elements was
negatively associated with the development of diabetes
(RR value of 0.84).1* A 2013 meta-analysis pooling nine
RCT studies showed that the DASH diets for 3-24 weeks
significantly reduced fasting insulin, but no improvement
in FBG and HOMA-IR was found with the DASH di-
ets. 114

CHAPTER 4: PROBIOTICS AND PREBIOTICS
The intestinal flora plays a significant role in the devel-
opment and progression of T2DM.'® According to the
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consensus statement released by the International Scien-
tific Association for Probiotics and Prebiotics (ISAPP),
probiotics are living microbial preparations that are bene-
ficial to the health of the host when taken in appropriate
doses.! Prebiotics are a class of dietary ingredients that
are difficult to digest and are absorbed by the body but
can be fermented by certain intestinal bacteria.''’ Synbi-
otics are prepared by mixing probiotics with specific
prebiotic substrates with synergistic effects on their
growth.*® These substances may prevent and delay the
onset and progression of T2DM® 120 by promoting the
production of short-chain fatty acids, thus inducing the
secretion of intestinal hormones that can affect blood glu-
cose levels, 121 122

Q25: How does probiotic supplementation affect glu-
cose metabolism in T2DM?

Specific probiotic supplementation may improve glyce-
mic control in T2DM (B, weakly recommended)

In an RCT study that included 45 patients with T2DM,
probiotic fermented milk (containing Lactobacillus aci-
dophilus La-5 and Bifidobacterium animalis subsp. Lactis
BB-12, 1 x 10° CFU) or traditional fermented milk (con-
taining Streptococcus thermophilus TA-40) was given for
six weeks. Patients consuming probiotic fermented milk
had lower HbAlc, TC, and LDL-C levels, and the de-
crease was significantly greater than that in the traditional
fermented milk intervention group.?® In an RCT, 136
patients with T2DM were administered probiotic capsules
(containing Lactobacillus acidophilus 12130, Lactobacil-
lus casei 12313, Bifidobacterium animalis subsp. Lactis
12451, Bifidobacterium bifidum 02290, Bifidobacterium
longum 02129, and Bifidobacterium infantis 02120, 1 x
10'° CFU) or placebo, respectively, for 12 weeks, and a
significant reduction in fasting insulin was observed with
probiotic intervention.'?* In a meta-analysis evaluating
the effect of probiotics on glucose homeostasis in patients
with T2DM, supplementation with a daily dose of > 1 x
10° CFU of probiotics lowered HbA1c levels significant-
ly. Multistrain probiotic supplements can improve T2DM
better than single-strain probiotic supplements.'?®

Q26: Can supplementation with prebiotics help im-
prove glycemic control in patients with T2DM?
Supplementation with specific prebiotics contributes to
improving glycemic control and reducing inflammatory
markers in patients with T2DM (C, weakly recommend-
ed)

In two RCTs enrolling 49 and 52 patients with T2DM,
respectively, patients were administered either inulin (10
g/day) or an equivalent amount of maltodextrin as the
placebo for eight weeks of intervention, and FBG,
HbAlc, tumor necrosis factor-a (TNF-a), and lipopoly-
saccharide (LPS) levels were significantly lower in the
inulin intervention group than in the placebo group.t?: 127
In an RCT study, 55 patients with T2DM were adminis-
tered either resistant dextrin (10 g/day) or an equivalent
amount of maltodextrin as a placebo for eight weeks of
intervention, and fasting insulin was significantly de-
creased in the resistant dextrin intervention group, but the
changes in FBG were not significant.’? In an RCT study
that incorporated 52 patients with T2DM, patients were

given either galactooligosaccharide (10 g/day) or an
equivalent amount of maltodextrin as the placebo for four
weeks of intervention, and the glucose tolerance was not
significantly improved in the galactooligosaccharide in-
tervention group. However, the abundance of intestinal
Bifidobacteriaceae was significantly increased.*?°

Q27: Is supplementation with synbiotics conducive to
improving glycemic control in patients with T2DM?
Patients with T2DM may be supplemented with specific
synbiotics to improve blood glucose, and the supplemen-
tation with synbiotics may better improve metabolism
compared to probiotics (C, weakly recommended)

74 patients with T2DM included in an RCT study were
administered either synbiotic UB0316 capsules (contain-
ing Lactobacillus salivarius UBLS22, Lactobacillus casei
UBLC42, Lactobacillus plantarum UBLP40, Lactobacil-
lus acidophilus UBLA34, Bifidobacterium breve
UBBT01, Bacillus coagulans Unique 1S2, 5 x 10*° CFU,
and 100 mg fructooligosaccharide) or placebo for 12
weeks. The synbiotic supplementation group showed a
significant decrease in HbAlc and FBG, and HbAlc was
significantly lower than that in the placebo group at the
endpoint, but the difference in FBG was not statistically
significant.’® Fifty-eight patients with T2DM in another
RCT study were given WBF-010 synbiotic capsules (con-
taining three strains of bacteria, including 3.3 x 10° CFU
Clostridium beijerinckii CBEI, 1.6 x 10%° CFU Clostridi-
um butyricum CBUT, 2.0 x 10° CFU Bifidobacterium
infantis BINF and inulin), WBF-011 synbiotic capsules
(1.2 x 10° CFU Akkermansia muciniphila AMUC and 9 x
108 CFU Anaerobutyricum hallii EHAL added to the
formulation WBF-010), or placebo, respectively, for 12-
week interventions, and the area under the curve of blood
glucose decreased significantly only in the WBF-011
synbiotic supplementation group, to an extent significant-
ly greater than in the placebo group.'®! Eighty-one pa-
tients with T2DM in an RCT study were given 120 g/day
of synbiotic bread (containing 1 x 10® CFU of Bacillus
coagulans and 0.07 g of inulin per gram), probiotic bread
(1 x 108 CFU of Bacillus coagulans per gram), or placebo
for eight weeks of intervention, and only the synbiotic
bread intervention group experienced significantly greater
decreases in fasting insulin levels, HOMA-IR, and islet
cell function index, with an extent significantly greater
than that in the placebo group and the probiotic bread
intervention groups.*32

CHAPTER 5: NUTRITION EDUCATION AND
MANAGEMENT OF DIABETES
Q29: Does education about diabetes affect the risk of
developing diabetes?
Lifestyle interventions guided by diabetes education con-
tribute to improving glucose tolerance, reducing the prev-
alence or delay the onset of diabetes, and decrease chron-
ic complications of diabetes (A, strongly recommended)
Several large-scale studies conducted in China and oth-
er countries have demonstrated the sustainability of life-
style interventions in slowing down the progression of
T2DM in people at high risk of developing IGT or diabe-
tes. 133138 For example, the results of the Daging study
showed a 43% reduction in 20 years,'*® the DPS study
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showed a 43% reduction in 7 years,**” and the DPPOS
study showed a 34% reduction in 10 years.3®

Studies on T2DM have shown that moderate weight
loss (by 5% to 10%) can support improvements in insulin
resistance, as well as reductions in blood glucose, lipids,
and blood pressure. A study of 1-year Look AHEAD in-
tensive lifestyle interventions revealed that patients lost
an average of 8.6% of body weight and experienced a
significant reduction in HbAlc and a reduction in risk
factors of cardiovascular diseases (including lower blood
pressure and TG, and higher HDL-C), with these benefits
persisting in year 4 of the study.*® Similarly, a systematic
review and meta-analysis of patients with IGT (six stud-
ies) or metabolic abnormalities (one study) revealed that
lifestyle changes prevented the development of T2DM in
these populations and that active intervention reduced the
risk of developing diabetes for many years.'4°

Q30: Does nutrition education and exercise instruc-
tion in diabetes affect weight and glycemic control in
patients with diabetes?

Comprehensive management that incorporates diabetes
nutrition education, diet, and exercise can contribute to
weight loss, reduction in waist circumference, HbAlc,
and blood glucose levels, as well as increased nutrition
knowledge and improved diet quality, with multiple bene-
fits in terms of lipids and blood pressure. (B, strongly
recommended)

In studies on general practice and community manage-
ment of multiple concurrent chronic diseases, it has been
suggested that any intervention should consider the pa-
tient's values and preferences, and an individualized pa-
tient-centered plan that incorporates diabetes-related nu-
trition, living conditions, and functional status should be
developed.'* A Cochrane review suggested that group
education on nutrition therapy was effective in improving
FBG and HbAlc levels, increasing the level of
knowledge about diabetes, lowering systolic blood pres-
sure and body weight, and decreasing diabetes medication
in patients with T2DM.**? Individualized education is
helpful for glycemic control in patients with HbAlc >
8%. The comprehensive treatment team for diabetes
should be led by a dietitian/physician familiar with MNT,
followed by team members well acquainted with MNT .2

Multiple studies have shown that for most overweight
and obese patients with T2DM, lifestyle interventions
lead to a decrease in body weight and BMI and a signifi-
cant improvement in blood glucose and HbA1c, 243149

Q31: Are diets with a low glycemic index/glycemic
load good for patients with diabetes to control their
blood glucose levels?

A high GI/GL diet resulted in a remarkable increase in
the risk of T2DM in the healthy population. Low GI/GL
diets are more effective than high GI/GL diets in control-
ling FBG, PBG, and HbAlc without increasing the inci-
dence of hypoglycemia events (A, strongly recommend-
ed)

A low GI/GL diet helps control blood glucose levels.
Low GI diets cause less glucose fluctuations throughout
the day than high Gl diets. Dietary GI glucose is positive-
ly correlated with the area under the curve (AUC).!*

Several studies have shown the effectiveness of low
GI/GL diets in reducing HboAlc and FBG.%% 152 Adher-
ence to low GI/GL diets also benefits patients with diabe-
tes by controlling complications through reasonable gly-
cemic control.*> A meta-analysis of 15 RCTs with pa-
tient numbers ranging from 133 to 6,590 explored the
development of T2DM in relation to GI and GL and
showed that dietary patterns with higher GI/GL signifi-
cantly increased the risk of T2DM in healthy male and
female populations. For every 10-unit increase in Gl val-
ue in the 2000 kcal/day diet, the RR (95% CI) for T2DM-
Gl was 1.27 (1.15-1.40) (p < .001, 10 studies); for every
80 g increase in GL, the RR (95% CI) for T2DM-GL was
1.26 (1.15-1.37) (p < 0.001, 15 studies).® According to
a 2018 meta-analysis that included six RCTs, low-GlI di-
ets were more effective than high-GI diets in controlling
HbAlc and FBG levels in patients with T2DM.!! Anoth-
er meta-analysis in 2019 involving 54 RCTs further
demonstrated that low-Gl diets were effective in reducing
HbAlc, FBG, BMI, TC, and LDL-C levels in a wider
range of age (adult vs children) and disease groups (IGT,
T1DM, or T2DM).*%? Low-GlI diets did not increase the
probability of hypoglycemic events while improving gly-
cemic control in patients with diabetes; the incidence rate
of hypoglycemia was lower in low-Gl diets than in high-
Gl diets.®

Q32: Are diets with a low Gl/glycemic load good for
controlling diabetic complications?

Low-GI diets may be beneficial in managing diabetic
complications (C, weakly recommended)

Diabetic complications are closely correlated with gly-
cemic control. The time of day when glucose fluctuations
are controlled within the target range (3.9-10.0 mmol/L)
is negatively correlated with the degree of fundus le-
sions,*% the risk of all-cause mortality,>” the risk of death
from cardiovascular disease,'®” and the carotid intima-
media thickness'®® in the patients, suggesting that the dai-
ly glucose level is closely related to diabetic complica-
tions. An RCT including 201 participants found a 0.16
ng/L decrease in the level of cardiac injury markers (high-
sensitivity cardiac troponin 1) in the low-GI diet group
after six months of treatment.!®® This finding suggests
that low-GI diets help in glycemic control in patients with
diabetes.1®°

Q33: Does the food exchange serving method help pa-
tients with diabetes to control their blood glucose lev-
els?

The food exchange serving method is convenient in prac-
tice and helps patients with diabetes control their total
energy and blood glucose levels (C, strongly recommend-
ed)

The concept of food exchange service was first pro-
posed by the ADA in 1950, based on the nutritional com-
position of different food categories.’®* The concept in
China was developed using 90 kcal (376 kJ) as the unit of
exchange. The food exchange serving method, taking
isoenergetic foods as the basis, divides different foods
into four major categories (eight subcategories) by nature
and nutritional composition, with each category contain-
ing several units of exchange for different foods.*? Liu
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Cunying et al.'®® reported that the FBG and PBG of pa-
tients with diabetes undergoing nutrition therapy in the
food exchange serving group were significantly lower
than those in the staple food fixation group (p < 0.01).
Two self-control studies found that FBG and PBG were
significantly decreased in patients after using the food
exchange serving method p < 0.01).164 165 A study involv-
ing 63 patients with T2DM on different clinical treatment
modalities suggested that food selection by the food ex-
change serving method was effective in reducing FBG
and PBG levels.1%

Q34: Is the food exchange serving method based on a
low glycemic load better for glycemic control than the
traditional food exchange serving method?

MNT, combined with the low-GL food exchange serving
method, is more favorable to glycemic control than the
traditional food exchange serving method and helps to
improve weight, BMI, and lipid metabolism (B, weakly
recommended)

A meta-analysis of 12 studies identified that the combi-
nation of the food exchange serving method and educa-
tion on low-GL diets significantly reduced FBG, PBG,
HbAlc, and lipid levels in patients with T2DM (p <
0.001).%" Three case-control studies showed that combin-
ing low-GL diets with the food exchange serving method
for dietary education in patients with T2DM achieved
good clinical results in improving blood glucose and lipid
levels (p < 0.05).1%8170 Recently, a case-control study of
elderly diabetes mellitus patients and a case-control study
of gestational diabetes mellitus patients concurrently
found that a low-GL diet combined with the food ex-
change serving method significantly reduced HbAlc and
PBG levels compared with conventional dietary interven-
tion and the traditional food exchange serving method (p
< 0_05)_171, 172

Q35: Can the use of carbohydrate count in patients
with T1DM contribute to glycemic control?

Nutrition interventions based on carbohydrate counting
method contribute to improving glycemic control and
quality of life in children and adults with T1IDM (C,
strongly recommended)

A 2015 single-center observational study of TIDM re-
vealed a general increase in awareness rate and a signifi-
cant decrease in both FPG and PBG after the application
of carbohydrate counting.}”® The results of a Turkish
study of 110 children with T1IDM followed for two years
suggested that the carbohydrate counting method
achieved reasonable metabolic control without leading to
an increase in body weight or insulin demand.”* Moreo-
ver, the increased accuracy of the method by children and
their parents contributes to glycemic control.1™® 1 The
efficacy of this method in adults with TIDM was more
favorable than that in children, and the reduction in
HbAlc levels was better than the conventional dietary
guidance for diabetes.t”” 18 Bell et al.}”® confirmed this
point of view. In patients receiving continuous subcuta-
neous insulin infusion, the carbohydrate counting method
of intervention achieved improved diabetes-specific
quality of life scale scores, reductions in BMI and waist
circumference, and a marked decrease in HbA1c.'8

Q36: Is carbohydrate counting helpful for glycemic
control in patients with T2DM?

The carbohydrate counting method is effective in lower-
ing blood glucose levels in patients with T2DM (B, weak-
ly recommended)

Several studies have demonstrated that dietary inter-
ventions for patients with T2DM using carbohydrate
counting can improve blood glucose levels and decrease
blood glucose levels in inpatients.*®: 182 A randomized
trial verified that the method reduced HbAlc and glyce-
mic variability in patients with T2DM receiving basal
insulin therapy without increasing hypoglycemia or
BMI.18 The results of two RCTs in 2016 and 2017 con-
firmed that the application of the carbohydrate counting
method in patients with T2DM was superior to the tradi-
tional food exchange serving method in terms of glyce-
mia, blood insulin level, and visceral fat area control.
185 The ability of carbohydrate count to reduce HbAlc
and glucose levels in patients with T2DM has been veri-
fied by other researchers.'® The application of the carbo-
hydrate counting method in older patients was also effec-
tive in improving glucose and lipid metabolism and de-
laying the development of renal impairment. After six
months of intervention, the levels of FPG, HbAlc, urea
nitrogen, creatinine, uric acid, and TG were lower than
those in the control group using the traditional food ex-
change serving method.*¢’

CHAPTER 6: SPECIAL POPULATIONS WITH
DIABETES

Pediatric and Adolescent Diabetes

Q37: How do different dietary patterns affect glucose
and metabolism in pediatric and adolescent patients
with TIDM?

The combination of a flexible dietary pattern of low Gl
and high dietary fiber based on the principles of a bal-
anced diet and regular meals contributes to glycemic
management in patients with TLDM (B, strongly recom-
mended). High-fat diets (fat energy supply ratio > 35%)
are not recommended for children and adolescents with
T1DM, and the balanced diet with a moderately higher
proportion of monounsaturated fatty acid intake improves
lipid and blood glucose (B, strongly recommended)

Since the 1980s, the overall incidence of diabetes melli-
tus in children and adolescents and the proportion of pe-
diatric patients with T2DM in China have shown a signif-
icant year-to-year increase.’®® MNT, which covers inter-
ventions such as diet, exercise, and education, can im-
prove blood glucose and other metabolic markers in chil-
dren with diabetes.*® 1% Investigators found that HbAlc
was significantly greater in children with TIDM on all-
day meals than in those with regular meals (7.7% and
6.1%, respectively, p = 0.01) as explored by means of 3-
day weighing, dietary records, and mealtime manage-
ment. A follow-up observation demonstrated that better
glycemic management [including indicators such as
standard deviation of continuous glucose monitoring data,
mean magnitude of glucose, glycemic excursion, and po-
tential of hyperglycemia (> 10.0 mmol/L) vs hypoglyce-
mia (< 2.8 mmol/L)] in children and adolescents with
T1DM was correlated with higher healthy eating index
scores, whole-plant food density, high dietary fiber, low
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Gl and other factors.*®* According to a 12-month prospec-
tive RCT, a flexible dietary pattern with low Gl for pa-
tients with TIDM resulted in better HbA1c levels of (8.05
+ 0.95)% and (8.61 £ 1.37)%, respectively (p = 0.05) and
a lower incidence rate of hyperglycemia (> 15 epi-
sodes/month) of 35% and 66%, respectively, compared
with the carbohydrate-exchange dietary pattern group (p
< 0.006).1%2

A 2011 study of adolescents with TIDM demonstrated
that for every 1% increase in SFA in the diet, the risk of
HbAlc > 7.5% would increase by 53% (OR = 1.53, p =
0.02), and the risk of this situation would increase by
30% annually (OR = 1.30, p = 0.02).1%® However, some
investigators discovered that a 10% increase in n-9 eryth-
rocyte phospholipid fatty acid levels, a marker of in-
creased MUFA intake, was associated with a 0.64% de-
crease in HbAlc. n-9 erythrocyte phospholipid fatty acid
levels were negatively correlated with TC levels (R2 =
0.38, p = 0.002) and LDL-C (R2 = 0.21, p = 0.03), sug-
gesting that appropriately increased MUFA intake might
contribute to improved blood glucose and blood lipid
levels.t™

Q38: What is the impact of protein intake on metabo-
lism and insulin therapy in pediatric and adolescent
patients with TAIDM?
High-protein and high-fat diets (> 25% protein energy
supply ratio) are not recommended for pediatric and ado-
lescent patients with TIDM (B, strongly recommended)
Studies revealed that adolescent patients with TLDM on
high-protein and high-fat diets developed a greater area
under the curve of blood glucose at 12 hours after meals
(109.3 and 77.8 mmol/L/12 hours, respectively, p < 0.05)
and a higher glucose level at 12 hours after meals (8.5
and 5.1 mmol/L, respectively, p < 0.05).1% According to a
randomized controlled crossover study, children and ado-
lescents with TIDM on high-protein and high-fat diets
required more postprandial correction insulin (1.20 and
0.15 U, respectively, p < 0.001), total insulin dosage at
one meal (3.48 and 2.70 U, respectively, p < 0.001), and
significant increase in time to PBG elevation of (364 +
142) and (185 * 124) minutes (p < 0.001).1% Another
small-sample study that included 11 participants also ver-
ified a higher mean insulin demand in adolescent patients
with T1DM on high-protein diets (10.3 and 6.7 U, respec-
tively, p = 0.001).2"

Q39: What is the effect of vitamin D on children and
adolescents with TLDM?

Vitamin D therapy is conducive to improving blood glu-
cose and lipid levels and reducing the risk of complica-
tions in TLDM children and adolescents complicated by
vitamin D deficiency; routine monitoring and timely sup-
plementation with vitamin D levels are recommended (C,
strongly recommended)

In a prospective study, 30 of 50 children with TIDM
complicated by dyslipidemia (medical history of > 2
years) developed vitamin D deficiency. Significant im-
provements in LDL-C levels were realized after four
months of vitamin D treatment (vitamin D3 4000 IU/day)
(7.05 and 6.51 mmol/L, respectively, p = 0.02).1% Anoth-
er prospective study identified that children who received

vitamin D treatment (children with a vitamin D deficien-
cy: 800 IU of vitamin D3 orally for three months; chil-
dren with a vitamin D deficiency: 4000 1U of vitamin D3
and 50 mg/kg of calcium per day for three months) had a
significant decrease in HbAlc of (8.83 = 1.58)% and
(10.72 + 2.22)%, respectively (p <0.001).1*® According to
a cross-sectional study in 2016, levels of 25-
hydroxyvitamin D were negatively correlated with the
severity of diabetic ketoacidosis (p < 0.05), with children
< 25 nmol/L requiring higher doses of insulin (p < 0.05)
and having a higher HbAlc level (p < 0.01). The level of
25-hydroxyvitamin D significantly increased (p < 0.001)
and HbA1c significantly decreased after vitamin D treat-
ment (1000 IU/day) (p < 0.001).2°° A 2017 study on the
improvement of peripheral vascular function in adoles-
cent patients with TLDM with combined vitamin D defi-
ciency demonstrated significant improvement in epithelial
function with reactive hyperemia index of (0.58 + 0.20)
and (0.68 + 0.21), respectively, and significantly de-
creased urinary inflammatory cytokines/chemokines, epi-
dermal growth factor, TNF-, IL-10 and other inflamma-
tory factor levels (all p < 0.05) after 12—24 weeks of vit-
amin D3 (1000 or 2000 1U/day) treatment.?

Q40: What is the effect of nutritional weight loss in-
terventions on blood glucose levels in overweight and
obese pediatric adolescents with TLDM and T2DM?
Overweight and obese children and adolescents with
T1DM and T2DM need nutritional weight loss interven-
tions to reduce obesity and improve glucose levels (C,
strongly recommended)

A three-country study involving 32,936 pediatric pa-
tients with TAIDM in Germany, Austria, and the US re-
vealed that higher BMI-Z values were associated with
higher HbA1lc (8.2%, 8.2%, and 8.4% in normal-weight,
overweight, and obese children with T1DM, respectively,
p < 0.001) and more frequent severe hypoglycemia over
one year (2.1%, 2.4%, and 2.8% in normal-weight, over-
weight, and obese children with T1DM, respectively; p <
0.001).22 A retrospective study revealed that a decrease
in BMI one year after the diagnosis of T2DM was posi-
tively correlated with lower HbA1c levels regardless of
the administration of metformin (r = 0.407, p = 0.0023) or
treatment with insulin (r = 0.522, p = 0.0022).%%

Gestational diabetes mellitus

Gestational diabetes mellitus (GDM) is an impaired glu-
cose tolerance (IGT) that occurs during pregnancy and is
a common pregnancy complication.?®* The prevalence of
GDM in China is estimated to be 14.8%-17.8% and has
increased in recent years.2%29” Many clinical studies have
verified that GDM results in severe adverse maternal and
infant outcomes.?® Studies have shown that healthy die-
tary patterns contribute to the prevention of GDM.?%

Q41: Is folic acid supplementation during pregnancy
beneficial in reducing the risk of GDM?

During preconception and early pregnancy, supplementa-
tion with an additional 400 pg of folic acid per day in
addition to a balanced diet is beneficial in reducing the
risk of GDM, but folic acid supplementation above 800
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ug may increase the risk of GDM (B, weakly recom-
mended)

Hcy levels were found to be significantly higher in
GDM patients than in the control group, and Hcy was
negatively correlated with folic acid levels and positively
correlated with insulin resistance, suggesting a possible
connection with the development of GDM.?*® A prospec-
tive cohort study indicated that 824 patients with GDM
were reported among 14,553 pregnant women followed
up. The RR value (95% CI) of GDM was 0.83 (0.72—
0.95) in women with adequate total folic acid intake (>
400 pg/day) compared with those with insufficient intake
(< 400 pg/day) (p = 0.007), and GDM risk can be reduced
by preconception supplementation with an appropriate
amount of folic acid.?!* A case-control study including
49,611 GDM and 137,821 healthy women showed that
pre-pregnancy intake of folic acid reduced the risk of
GDM by 27%, with an adjusted OR (95% CI) of 0.73
(0.69-0.79) (p < 0.001).%*2 The incidence of GDM among
4,353 women in the Tongji Maternal and Child Health
cohort was 8.6%, and the administration of 400 pg/day of
folic acid during preconception and early pregnancy has
been shown to prevent neural tube defects. However, ad-
ministration of > 800 pg of folic acid per day from pre-
conception to mid-pregnancy might increase the risk of
GDM.23

Q42: Is plant protein intake during pregnancy benefi-
cial for reducing the risk of gestational diabetes melli-
tus?
Both intake and type of proteins should be balanced in the
prenatal diet, and the increase of plant proteins such as
beans and nuts is beneficial in reducing the risk of GDM
(B, strongly recommended)

The binding of plant extensin to glucagon-like peptide-
1 (GLP-1) receptors in the human body stimulates insulin
secretion from islet cells to significantly lower blood glu-
cose levels.?* The results of the American Nursing
Health Study, which included 15,294 female participants,
suggested a 51% reduction in the risk of developing
GDM by replacing 5% of animal proteins with plant pro-
teins and a higher intake of animal proteins, especially
red meat, was significantly associated with an increased
risk of GDM. The risk of GDM is significantly reduced
with a greater intake of plant proteins, especially legumes
or nuts.?> A case-control study in China investigated the
dietary frequency of 150 pregnant women divided into
normal and GDM groups based on the results of OGTT at
24-28 weeks of gestation, suggesting that excessive in-
take of dietary proteins (especially animal protein) and
too low intake of legume proteins during pregnancy
might increase the risk of GDM.?!® Daily intake of fish,
poultry, eggs, and meat > 200 g and intake of soybeans <
12 g may be risk factors for GDM development.?’

Q43: How do low-GlI diets affect glycemic control in
patients with gestational diabetes mellitus?
Low GI diets help glycemic control in GDM (C, weakly
recommended)

Some investigators randomly divided 140 patients with
GDM into 66 cases in the study group (staple food: low-
Gl formulation) and 74 cases in the control group (staple

food: white rice), and the results showed that the blood
glucose of the study group was significantly lower than
that of the control group after three meals, suggesting that
staple food with low-GI formulations could significantly
reduce the PBG of GDM patients, beneficial to the treat-
ment of GDM.?*8 In a 12-week RCT consisting of 31 pa-
tients in the low-GI treatment group, 31 patients in the
control group, and an additional 30 healthy pregnant
women in the normal control group, serum metabolomic
testing and pregnancy outcome statistics at 36 weeks of
gestation revealed that low-Gl grain nutrition therapy
might significantly improve pregnancy outcomes in GDM
by modulating relevant biomarkers.?°

Q44: Can diabetes-specific nutritional preparations
improve the clinical outcomes of patients with gesta-
tional diabetes mellitus?
Diabetes-specific nutritional preparations help improve
glucose levels and perinatal outcomes and reduce the
risks of hypoglycemia and inadequate energy intake in
patients with GDM (C, weakly recommended)
Investigators randomized 69 patients with GDM into
groups, assigning normal diet plus diabetes-specific nutri-
tional formulations to 32 patients in the study group and
normal diet to 37 patients in the control group; the results
indicated that the prevalence of premature rupture of fetal
membranes, polyhydramnios, and neonatal pneumonia
was significantly lower in the study group than in the
control group.??® Other investigators added diabetes-
specific formulations rich in slow-release starch to the
breakfast of the study group, applied the isoenergetic tra-
ditional diet for the control group, and conducted dietary
education and dietary management for both groups; they
found that the FBG of the study group was significantly
lower than that of the control group, suggesting that the
diabetes-specific formulations rich in slow-release starch
were beneficial for improving the PBG of patients with
GDM.?

Q45: Do patients with gestational diabetes require
dietary fiber supplementation?

Dietary fiber supplementation during pregnancy in pa-
tients with GDM helps regulate glucose levels and im-
prove clinical outcomes (B, strongly recommended)

The recommended intake of dietary fiber for patients
with diabetes is 25-30 g/day.* The investigators randomly
divided 112 patients with GDM into two groups to re-
ceive basic nutritional treatment, and the study group re-
ceived additional dietary fiber (9.5 g/day for eight
weeks). The results showed that the glycemic control pass
rate in the study group was significantly higher than that
in the control group, and the incidence of premature rup-
ture of fetal membranes and hyperbilirubinemia in new-
borns was significantly lower than that in the control
group, suggesting that dietary fiber interventions signifi-
cantly improved the maternal and infant outcomes of pa-
tients with GDM.??? Other investigators randomly divided
206 patients with GDM combined with hyperlipidemia in
the middle and late pregnancy into the fortified dietary
fiber group (dietary fiber 20 g/day), the resistance exer-
cise group, the combined group, and the control group,
among which both FBG and PBG of the dietary fiber
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group were significantly lower than those of the control
group after interventions, and the incidence rates of
preeclampsia, polyhydramnios, preterm delivery, and
macrosomia in the combined group were significantly
lower than those in the control group, suggesting that
dietary fiber combined with resistance exercise was effec-
tive in controlling the blood glucose and lipid levels of
patients with GDM and improving the pregnancy out-
come.??® Dietary fiber supplementation also prevents ex-
cessive weight gain during pregnancy.??*

Q46: Do patients with gestational diabetes need mi-
cronutrient supplementation?

Patients with GDM should maintain good micronutrient
intake and supplement with pregnancy-appropriate mi-
cronutrient compound preparations when necessary (C,
weakly recommended)

Investigators randomized 80 patients with GDM into
two groups to receive conventional GDM interventions.
The study group received the magnesium-zinc-calcium
and vitamin D complex supplements (magnesium 100
mg, zinc 4 mg, calcium 400 mg, and vitamin D 200 1U)
twice/day for six weeks and found that the study group
developed lower levels of inflammation and oxidative
stress during pregnancy. However, the pregnancy out-
comes were affected to a lesser extent,??> which was in
line with the results of Jamilian et al.??® An Iranian inves-
tigation of combined magnesium and vitamin E supple-
mentation in 60 patients with GDM found significant
improvements in blood glucose and lipid levels after six
weeks.??’

Older people with diabetes mellitus

According to the 7th National Population Census in 2020,
13.50% of the population was aged 65 and over, up
4.63% from the 6th National Population Census, suggest-
ing that the degree of aging in China has further deep-
ened.??® More scientific and rational nutritional guidance
should be provided to older patients with diabetes melli-
tus.

Q47: What is the appropriate number of calories for
older patients with diabetes?

The recommended calorie intake for elderly patients with
diabetes is 25-30 kcal/kg/day, which needs to be in-
creased for elderly patients who are malnourished or at
nutritional risk (B, strongly recommended)

A U-shaped relationship between calorie intake and
mortality in older patients with diabetes has been identi-
fied in previous studies, and the optimal calorie intake for
older patients with diabetes should be controlled at 25-35
kcal/kg/day.?*® As recommended in the Clinical Nutrition
Guidelines for Geriatrics of the European Society for
Clinical Nutrition and Metabolism, older adults should
guarantee a daily calorie intake of approximately 30
kcal/kg, and the use of restricted diets is not recommend-
ed for overweight older adults.?® The Japanese Treat-
ment Guideline for Diabetes 2019 recommends a calorie
intake of 25-30 kcal/kg for older patients, which can be
increased for older patients experiencing sarcopenia, frail-
ty, and malnutrition or those at risk for any of these con-
ditions.?®

Q48: How does increased protein intake affect older
patients with diabetes?

Adequate protein intake alleviates frailty and prevents
sarcopenia in elderly diabetes patients (B, strongly rec-
ommended)

Several elderly nutrition guidelines recommend a pro-
tein intake of 1.0-1.2 g/kg/day for elderly diabetics, 1.2—
1.5 g/kg/day for patients who are malnourished or at nu-
tritional risk, and at least 1.5 g/kg/day for older people
with sarcopenia or cachexia, with the exception of pa-
tients with end-stage renal failure.?®?> A meta-analysis
revealed that adequate protein intake reduces the risk of
frailty and sarcopenia in older patients with diabetes.?*

Q49: Do elderly patients with diabetes need supple-
mentation with vitamins and trace elements?

Elderly diabetes patients should maintain an adequate
intake of vitamins and trace elements, especially vitamin
D and calcium (C, strongly recommended)

Adequate vitamin D intake reduces the risk of sarcope-
nia in older patients with diabetes.?** Given the correla-
tion between low vitamin D levels and diabetic peripheral
neuropathy in older people, serum vitamin D levels
should be reviewed regularly.?®® The prevalence of vita-
min deficiency is higher in patients with diabetes aged >
65 years, and the level of folic acid is significantly asso-
ciated with grip strength and leg physical strength.?% Dai-
ly calcium intake of 1000-1200 mg is recommended for
older patients,”” and oral vitamin D > 800-1000 IU/day
is required for older patients who receive insufficient
light exposure.?%®

Prediabetes

Q50: Are lifestyle interventions for prediabetes con-
ducive to delaying the onset of T2DM and its compli-
cations?

Lifestyle interventions for prediabetes can delay the onset
of T2DM and decrease cardiovascular events, microvas-
cular complications, and cardiovascular and all-cause
mortality (A, strongly recommended)

Several large-scale studies have demonstrated that life-
style interventions in IGT populations can delay the onset
of T2DM and decrease the incidence of cardiovascular
events, microvascular complications, and cardiovascular
and all-cause mortality. 137 239240

Q51: Does weight loss reduce T2DM in individuals
who are overweight/obese with prediabetes?
Overweight and obese prediabetics are recommended to
lose 7% to 10% of their body weight to reduce T2DM (B,
strongly recommended)

There is a large body of evidence suggesting that over-
weight/obese prediabetics should be encouraged to lose
weight and that a 7% to 10% weight loss is effective in
preventing the development of T2DM." 24> Muscle insulin
sensitivity and B-cell functions can be further improved
by additional weight loss (11%-16% of baseline
weight).242
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Q52: Is precise nutrition therapy beneficial for the
glycemic management and prevention of T2DM in the
prediabetic population?

Personalized diets that incorporate biological data (e.g.,
microbiome, genome, and metabolome) and lifestyle fac-
tors (e.g., sleep and exercise) of the individuals contribute
to the control of PBG in prediabetic, obese and other pa-
tients with T2DM and high-risk populations (B, weakly
recommended)

In 2015, a research team in Israel developed a machine
learning algorithm that could predict the PBG response of
an individual based on clinical and flora data, thus com-
bining machine learning with precision nutrition.?** An
RCT in 2021 found better glycemic control effects of 6-
month interventions of individualized PBG-targeted diet,
a crucial step towards personalized precision nutrition
research.?*

CHAPTER 7: DIABETES-RELATED
COMPLICATIONS AND MEDICAL NUTRITION
THERAPY

Metabolic surgery and nutrition

Several clinical studies have demonstrated the ability of
metabolic surgery to alleviate T2DM and reduce multiple
diabetic complications. A 3-15 year follow-up showed
that various metabolic surgeries were significantly better
than internal medical therapy for T2DM in terms of re-
mission and new-onset rate.?*>24" In addition, dependence
on hypoglycemic agents or insulin can be significantly
reduced in patients with T2DM.*

Q53: Do patients with T2DM require protein supple-
mentation after metabolic surgery?

Protein supplementation is recommended for patients
with T2DM according to the Guidelines for Nutrition
Management After Metabolic Surgery, and postoperative
protein intake should be in the range of 60-120 g/day (C,
weakly recommended)

A retrospective study in China (244 patients) demon-
strated a 1.2% and 8.9% incidence of hypoalbuminemia
within one year after SG and RYGB, respectively.?*® The
Perioperative Nutrition Guidelines for Bariatric Surgery,
published in the US in 2019, suggest that daily protein
intake should reach 60 g or 1.5 g/kg IBW.?° Postopera-
tive protein intake of 60-120 g/day is recommended in
the Guidelines for Perioperative Care in Bariatric Sur-
gery: Enhanced Recovery After Surgery.®! It is recom-
mended that postoperative protein intake should reach
60-120 g/day, depending on height, ideal body weight,
and muscle content, combined with the actual situation of
Chinese population.

Q54: Do patients with T2DM need iron supplementa-
tion after metabolic surgery?

Regular monitoring of iron metabolic markers after meta-
bolic surgery (especially in women and post-RYGB) and
timely supplementation in cases of iron deficiency are
recommended for patients with T2DM. Supplementation
can be provided in the form of ferrous sulfate, ferrous
fumarate, or ferrous gluconate accompanied by vitamin C
at an oral dose of 150-200 mg/day (B, strongly recom-
mended)

Studies have revealed that the rate of iron deficiency
one year after RYGB can be up to 20% (120 patients).?%?
The incidence of iron deficiency anemia at two years
postoperatively was shown to be higher, reaching 34% in
menopausal women and up to 62.5% in nonmenopausal
women (184 patients).?5® Another study of Chinese obese
patients with T2DM suggested that the 3-year incidence
of post-SG or RYGB anemia was 15%, and the incidence
of iron deficiency was 20% (20 patients).?>* Therefore,
greater attention should be paid to iron metabolism-
related indices in non-menopausal women, and patients
with T2DM after RYGB metabolic surgery, and iron sup-
plementation is needed once iron deficiency is detected.
Supplementation may administer on the doses and dosage
forms (ferrous sulfate, ferrous fumarate, or ferrous glu-
conate accompanied by vitamin C at an oral dose of 150-
200 mg/day), as recommended by the Consensus on Nu-
tritional and Multi-disciplinary Management for Bari-
atric Surgery.?®

Q55: Is it necessary to supplement calcium and vita-
min D levels in patients with T2DM after metabolic
surgery?

Regular postoperative monitoring of vitamin D levels is
recommended for patients with T2DM, with daily
prophylactic oral calcium doses of 1200-1500 mg and
vitamin D preparations of 3000 IU (C, strongly recom-
mended)

The risk of fracture after metabolic surgery is 1.2 times
higher than that in nonoperated individuals owing to os-
teopenia caused by calcium and vitamin D deficiency.?%
Prospective studies have revealed that the incidence of
vitamin D deficiency and hypocalcemia can be as high as
84% and 78%, respectively, six months after SG.?%" For
T2DM, it is stated in the Guidelines for the Prevention
and Treatment of Type 2 Diabetes Mellitus in China
(2020 Edition) that multivitamins and trace elements
should be supplemented as appropriate, given that meta-
bolic surgeries may increase the risk of dystrophia.?
Therefore, the Guideline recommends vitamin D screen-
ing and prophylactic supplementation with vitamin D
preparations after all metabolic surgeries. Daily oral cal-
cium preparations of 1200-1500 mg and vitamin D prep-
arations of 3000 IU are recommended after SG and
RYGB.* %8

Q56: Do patients with T2DM require vitamin B sup-
plementation after metabolic surgery?

Routine monitoring of vitamin B12 levels after metabolic
surgery is recommended for patients with T2DM, and
oral methylvitamin B12 (1000 ug/day) is recommended
for patients presenting with vitamin B12 deficiency until
they meet the criteria. Oral supplementation with vitamin
B 1100 mg twice/day or thrice/day is recommended for
patients with symptoms of vitamin B1 deficiency until
symptoms are resolved (C, strongly recommended)

The 2016 Comprehensive Healthy Nutrition Guidelines
for Surgical Bariatric Patients of the American Society
for Metabolic and Bariatric Surgery were updated to
show that within 2-5 years after metabolic surgery, nearly
20% of postoperative RYGB patients and 4%—-20% of
postoperative SG patients present with vitamin B12 defi-
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ciency?®® and that the symptoms cannot be corrected by
routine oral administration of common multivitamin
preparations.?®® Therefore, vitamin B12 levels should be
regularly monitored after metabolic surgery, and in the
presence of vitamin B12 deficiency, methylvitamin B12
should be administered orally at 1000 pg/day until the
level reaches the criteria.* 2 In the case of intramuscular
or subcutaneous injections, the dose should be changed to
1000 pg/month.?® Simultaneous supplementation with
oral and intramuscular injections is not recommended.?
Metabolic surgical procedures predispose patients to vit-
amin B1 deficiency and thus cause gastrointestinal symp-
toms such as constipation that present on average five
years after surgery, which can be relieved by vitamin B1
supplementation.?s! Therefore, it is recommended that
vitamin B1 levels should be regularly monitored after
metabolic surgery. Once the deficiency is detected, oral
vitamin B (1100 mg twice or thrice daily) should be taken
until symptoms are resolved. In cases of severe deficien-
cy, intravenous or subcutaneous supplementation can be
administered at a dose of 200-500 mg/day, and the dose
should be changed to 250 mg/day after 3-5 days to main-
tain the treatment for 3-5 days or until symptom resolu-
tion. After that, an oral dose of 100 mg/day should be
administered for maintenance therapy or until the risk
factors are eliminated.?®

Q57: Do patients with T2DM require vitamin A sup-
plementation after metabolic surgery?

Monitoring vitamin A levels after metabolic surgery is
recommended for patients with T2DM, and individuals
with vitamin A deficiency should be supplemented with
5,000-10,000 IU/day (C, weakly recommended)

Changes in the anatomy of the gastrointestinal tract af-
ter metabolic surgery may affect the absorption of lipid-
soluble vitamins (e.g., vitamin A) from the terminal ile-
um, resulting in an increase in the incidence of vitamin A
deficiency one year after metabolic surgery (9.4% and
15.9% after SG and RYGB, respectively).?? They may be
as high as 70% at four years postoperatively.?>® Conse-
quently, regular postoperative monitoring of vitamin A
levels and oral supplementation with different doses of
vitamin A (5000-10000 IU/day), depending on the type
of surgery, is recommended.?®®

Q58: How can patients with T2DM prevent hypogly-
cemia after metabolic surgery?

High-fiber and low-GI diets or low-carbohydrate and
high-protein diets are recommended for patients with
T2DM who develop hypoglycemia after metabolic sur-
gery (C, weakly recommended)

Certain obese patients develop hypoglycemia after bar-
iatric surgery, with postprandial hypoglycemia being a
more specific postoperative complication after RYGB.2%
High-sugar, low-protein diets are more likely to cause
hypoglycemia after RYGB (17 patients).?* Most hypo-
glycemic symptoms can be relieved by dietary adjust-
ments. For hyperinsulinic postprandial hypoglycemia, the
consumption of substantial amounts of monosaccharides
can be avoided with frequent small meals and high-fiber
and low-GlI diets. Low-sugar and high-protein diets (en-
ergy ratio: 30% sugar, 30% protein, and 40% fat) are rec-

ommended to minimize glucose fluctuations and prevent
hypoglycemia after bariatric surgery (n = 10)*% for post-
RYGB hypoglycemia that is not easy to control through
diet or medication, diabetes-specific nutritional prepara-
tions may be considered.?®

Q59: How can perioperative nutritional management
promote the positive effects of metabolic surgery in
patients with T2DM?

Perioperative glucose monitoring, medication, and diet
regulation are effective in controlling blood glucose, re-
ducing surgical risks, and improving surgical prognosis
(B, strongly recommended)

Perioperative blood glucose levels are highly variable
due to fasting, stress, infection, and glucocorticoid use.
Poor preoperative diabetes control (HbAlc level > 7.5%)
may predict a reduced diabetes remission rate. In addi-
tion, elevated HbAlc levels in patients with diabetes are
associated with a high rate of complications, myocardial
infarction, and an increased risk of early postoperative
infection. An HbAlc level of < 5% indicates possible
recurrent episodes of severe hypoglycemia, and adequate
adjustment should be conducted before surgery. There-
fore, any preoperative pathoglycemia should be treated
actively.?67-268 |n the absence of hypoglycemic syncope, it
is recommended to control preoperative blood glucose to
HbAlc < 8%, FBG < 5.6 mmol/L, and two hours post-
prandial glucose < 7.8 mmol/L.%*

Operational difficulties and postoperative complica-
tions can be reduced by the application of structured pre-
operative exercise programs and low-calorie diets (1,350
kcal/day).?® 2"t Blood glucose levels should be tested,
and hypoglycemic agents should be adjusted promptly
after a change in dietary structure to avoid hypoglycemic
episodes. Patients are advised to refeed in stages after
surgery, starting with liquids, purees, and soft foods, fol-
lowed by regular solid foods and water between meals.?”

Q60: How should patients with T2DM be managed for
long-term nutrition after metabolic surgery?
After metabolic surgery, patients with T2DM should be
provided long-term nutritional guidance by the profes-
sional nutrition team, including formulation of dietary
programs, exercise instruction, and assistance in the de-
velopment of good eating habits and daily routines (B,
strongly recommended). For patients with T2DM, grains
and fruits with high fiber content should be the primary
source of carbohydrates after bariatric surgery, with in-
creased intake of fresh vegetables and decreased intake of
high-calorie and high-fat diets (C, weakly recommended)
A small-sample study in China recommended that
obese patients with T2DM follow the dietary pattern
starting from the second week after SG as follows: In the
first stage, low-fat and low-sugar liquid diets (protein >
60 g/day) of 700-900 kcal/day should be adopted, in
which a liquid intake of > 2000 mL/day should be guar-
anteed, along with daily multivitamin supplementation. In
the second stage, that is, one month postoperatively, the
semi-liquid dietary pattern should be followed for a grad-
ual transition to the normal diet through small frequent
meals (6-8 meals throughout the day, with 60-80 g/day
of protein) at a fixed quantity on schedule. Finally, in the
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later stages, the principle of small frequent meals and
sufficient chewing of foods (> 12 chews) should be fol-
lowed as usual. This dietary pattern helps normalize a
patient's blood glucose level.2”® Weight loss is negatively
correlated with the number of postoperative poor dietary
habits (including overeating, multiple meals, and craving
for sweets).?# In terms of food choices, fiber-rich grains
are recommended as the basis of diets, low-fat meat, fish,
low-fat dairy products, and eggs are preferred sources of
protein, and the intake of vegetables and fruits should be
increased at a later stage. The intake of grains low in fiber
or foods high in saturated fats, trans-fatty acids, choles-
terol, sugar, alcohol, and carbonated beverages should be
avoided.?”® 27® Foods irritating the stomach, such as ice
water, coffee, tea, and alcohol, should not be consumed
three months after bariatric surgery. In addition, supple-
mentation with vitamins and trace elements should be
routinely performed because of chronic inadequate vege-
table and fruit intake after metabolic surgery.?’®

Q61: How should nutrition be managed in patients
with poor diabetes remission after metabolic surgery?
The combination of MNT and medication contributes to
the control of blood glucose, and revision surgery may be
considered for those with refractory hyperglycemia or
recurrent metabolic disease, but support from evidence-
based medicine is lacking (C, weakly recommended)

Medical treatment for diabetes recurrence after meta-
bolic surgery consists of nutrition therapy combined with
medication. MNT provided by registered dietitians and
nutritionists can significantly reduce HbA1c levels.?’” 278
Metformin can be used as a monotherapy option for pa-
tients with HbAlc < 9% early after metabolic surgery; in
the case of HbAlc > 9%, a second medication can be
added to help further reduce weight or cardiovascular
risk. During the later stages, it is feasible to shift the long-
term medication regimen to a combination of metformin
and drugs capable of decreasing cardiovascular risk, re-
ducing body weight, and protecting the kidneys, such as
sodium-glucose cotransporter 2 inhibitors (SGLT2i) and
GLP-1 analogs.?™

The remission rate of diabetes in patients who under-
went gastric pouch or stoma revision and distal bypass
revision after RYGB could reach 79% (24 patients) and
100% (11 patients), respectively, but close nutritional
management is still required during the perioperative pe-
riod of revision surgery.?’®

Trauma and perioperative glycemic control

Q62: What is the preferred nutritional support for
patients with hyperglycemic stress?

Enteral nutrition is preferred for patients complicated by
stress hyperglycemia (B, strongly recommended)

A meta-analysis investigating the effects of parenteral
nutrition (PN) and specific enteral nutrition (EN) on
blood glucose in patients with acute severe pancreatitis
suggested that the incidence of hyperglycemia and insulin
demand was lower in patients receiving EN supportive
treatment than in patients in the PN treatment group.® In
trauma patients with comorbid diabetes mellitus, enteral
nutrition has been shown to reduce intestinal permeabil-
ity, improve immunologic function, and restore gastroin-

testinal function with lower nutritional support costs.?:
282

Q63: Can diabetes-specific enteral nutritional prepa-
rations be used for patients with stress hyperglyce-
mia?

Diabetes-specific enteral nutritional preparations are ap-
propriate for patients with stress hyperglycemia (B,
strongly recommended)

Several studies have shown that diabetes-specific for-
mulations using slow-release starch-modified (tapioca
starch, grain starch) carbohydrates or low carbohydrates
can improve glycemic control in patients. An RCT study
including 80 critical patients complicated by hyperglyce-
mia was separated into two groups and received either
standard formulations or diabetes-specific formulations
enriched with slow-release starch for ten days, suggesting
that enteral nutrition with slow-release starch formula-
tions provided better control of FBG and PBG and re-
duced the incidence of infection in critically ill pa-
tients.?® In response to post-traumatic stress hyperglyce-
mia, diabetes-specific enteral nutritional preparations are
more beneficial in controlling postoperative glycemia
than common enteral nutritional preparations.?* 285 Com-
pared with standard enteral formulations, the use of dia-
betes-specific formulations in critically ill patients with
stress hyperglycemia resulted in a trend toward a modest
reduction in mean glucose and a significant reduction in
insulin demand.®® In a study using different nutritional
formulations for mechanically ventilated critically ill pa-
tients with hyperglycemia, the dosage of insulin required,
intensive care unit (ICU)-acquired infections, days of
mechanical ventilation, ICU length of stay, and mortality
at 28 days after admission, hospital stay, in-hospital mor-
tality, and 6-month mortality were compared among new
diabetes-specific formulations, standard formulations, and
control diabetes-specific formulations in patients with
blood glucose levels maintained at 110-150 mg/dl (glu-
cose target). The results suggested that both diabetes-
appropriate formulations reduced insulin demand, im-
proved glycemic control, and reduced the risk of acquired
infections relative to standard formulations.?®’

Q64: In what range should glycemic targets be con-
trolled during stress hyperglycemia in critically ill
patients?

The initiation of insulin therapy is recommended for criti-
cally ill patients with a blood glucose of 10.0 mmol/L, to
control blood glucose at 7.8-10.0 mmol/L. The risk of
hypoglycemia should be prevented by regular monitoring
of blood glucose (hypoglycemia level requiring interven-
tion: < 3.9 mmol/L) (A, strongly recommended)

An RCT (Leuven study) in 2001 revealed that, through
continuous intravenous pumping of insulin and close
monitoring for tight glycemic control within the normal
range (4.4-6.1 mmol/L), termed intensive insulin therapy
(I1T), in critically ill patients with stress hyperglycemia,
the morbidity and complication rates were significantly
decreased.?® This conclusion was verified in critically ill
patients.®® A multicenter  large-sample  RCT
(NICE-SUGAR study) in 2009 demonstrated that control-
ling blood glucose below 10.0 mmol/L reduced patient
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mortality and the incidence of hypoglycemia (< 2.2
mmol/L) compared with tightly controlled glucose at 4.4—
6.1 mmol/L.>** ADA has also updated its guidance on
glycemic management for ICU patients based on the re-
sults of the NICE-SUGAR study. According to the clini-
cal Big Data study at Yale University in 2014, after
adopting evidence from the NICE-SUGAR study, ICU
patients presented a slight decrease in overall glucose
levels and significantly lower numbers of hypoglycemia
(< 3.9 mmol/L) and severe hyperglycemia (> 16.7
mmol/L) events compared with 11T,2* which also further
verified the phase correctness of the NICE-SUGAR
study. A reticulated meta-analysis in 2017 that pooled 35
RCTs divided patients into four groups by blood glucose
level (< 6.7 mmol/L group, 6.7-7.9 mmol/L group, 8.0—
10.0 mmol/L group, and > 10.0 mmol/L group), and the
results suggested that the risk of hypoglycemia (< 2.2
mmol/L or hypoglycemia-related symptoms) was signifi-
cantly higher in the first two groups than in the latter
two.2°2 In the Surviving Sepsis Campaign: International
Guidelines for Management of Sepsis and Septic Shock
(2021) published in 2021, it is similarly recommended
that patients with sepsis should reach a target blood glu-
cose of 8.0-10.0 mmol/L and that the hyperglycemia lev-
els requiring insulin intervention should be 10.0
mmol/L.2%

Parenteral and enteral nutrition support

Q65: Are inpatients with diabetes with higher nutri-
tional risk/worse malnutrition than inpatients without
diabetes?

Patients with diabetes have a higher incidence of nutri-
tional risks/malnutrition and should be routinely screened
and assessed for nutrition (B, strongly recommended)

A cross-sectional investigation in Spain suggested that
patients with diabetes scored low on the Mini-Nutritional
Assessment Scale (16.5) and Nutritional Risk Index
(83.09) and that malnourished patients with diabetes had
longer hospital stays (21 and 17 days, respectively).?*
Another prospective study of inpatients with diabetes in
the general surgery department also suggested that the
prevalence of malnutrition in patients with surgical diabe-
tes was twice as high as in those without diabetes.?%

Q66: Do diabetes-specific enteral nutritional prepara-
tions have a better effect on blood glucose than full-
nutrition standard formulations?

Diabetic EN formulations have better effects on insulin
demand, FBG, and HbA1c than standard formulations (B,
strongly recommended)

A systematic review in 2014 suggested that diabetes-
specific EN formulations were superior to standard EN
formulations in controlling both PBG and HbA1c.?® A
further meta-analysis in 2019, which included five RCTs
with a total of 627 patients, revealed that diabetes-specific
EN formulations, in addition to the favorable effects on
the above glycemic parameters, presented greater benefits
on FBG, with a mean difference of reduction of 1.15
mmol/L.?" Several randomized prospective studies and
meta-analyses have demonstrated the role of diabetes-
specific formulations of modified carbohydrates in im-
proving glycemic control and glycemic variability, atten-

uating insulin resistance, and reducing insulin dosage.?"
298300 |n most cases, the formulations are improved by
replacing all maltodextrin with slow-release starch (tapio-
ca starch, grain starch) and increasing fructose and dietary
fiber intake, but the energy supply ratio is controlled
within 45%-60%.* Alternatively, glycemic improvements
can be obtained by increasing MUFA to boost the fat en-
ergy supply ratio or increasing the protein energy supply
ratio to decrease the carbohydrate energy supply ratio.

Q67: Does the implementation of diabetes-specific
enteral nutrition therapy in patients with diabetes im-
prove health economics?

Standardized application of diabetes-specific EN formula-
tions reduces the consumption of healthcare resources (B,
strongly recommended)

In a retrospective study involving 93 patients with dia-
betes, the implementation of diabetes-specific EN prepa-
rations for one year resulted in a significant decrease in
the number of emergency department visits, days of hos-
pitalization, and use of healthcare resources during the
period.*% Another retrospective study showed that the use
of diabetes-specific EN tube feeding had the effects of
significantly reduced mortality (from 12.3% to 5.1%),
shortened the length of ICU stay, and reduced total ICU
treatment expenses ($9,200 and $6,700, respectively).3%?
According to a retrospective analysis of nutrition support
data from 125,000 hospitalizations of inpatients with dia-
betes in a premier large-scale research database, the ap-
plication of diabetes-specific EN tube feeding achieved a
per capita reduction in average length of stay of 0.88 days
and a cost savings of US$2,586.3%

Diabetic nephropathy and dialysis period

A large prospective study of 5,032 patients diagnosed
with T2DM and followed up showed proteinuria in ap-
proximately 40% of patients aged > 15 years and renal
impairment in 30% of patients.® Relevant Chinese and
international guidelines can be used to determine the rec-
ommended amount of calories and protein for patients
with diabetic nephropathy at various stages in view of the
lack of direct clinical study data support.3%-3%" The rec-
ommended protein intake for hemodialysis patients
should be in the range of 1.0-1.2 g/kg/day. For peritoneal
dialysis patients without residual renal function, the rec-
ommended intake of protein should be kept at 1.0-1.2
g/kg/day and 0.8-1.0 g/kg/day for patients with residual
renal function. Further multicenter RCTs are needed to
draw relevant conclusions, and it is recommended that the
administration of low-protein diets should be monitored
and guided by nutritionists (dieticians).3%-311

Q68: How can malnutrition be prevented in patients
with diabetic nephropathy?

Given that patients with diabetic nephropathy are more
susceptible to malnutrition when on low-protein diets,
malnutrition should be prevented by adequate calorie in-
take (C, weakly recommended). In patients with diabetic
nephropathy who are already malnourished, the imple-
mentation of low-protein diets is not recommended, given
that the risk of death increases with lower protein intake
(C, weakly recommended). Since patients with diabetes
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on dialysis usually have a lower daily calorie intake than
those without diabetes, the regimen of restricted diets
should be used with caution (D, weakly recommended)

A prospective cohort study conducted in 2013 suggest-
ed that patients in the low-protein diet group (0.6-0.7
g/kg/day) had low energy intake and were more likely to
be malnourished than those in the basal diabetic diet
group.®? A single-center historical cohort study in 2020
involving 449 patients with diabetic nephropathy sug-
gested that reduced dietary protein intake was an inde-
pendent risk factor for death from malnutrition.3® A
cross-sectional study in 2017 revealed that patients with
diabetes undergoing dialysis had a lower daily calorie
intake of 3.81 kcal/kg than those without diabetes under-
going dialysis.3

Q69: How should the nutritional status of patients
with diabetic nephropathy and malnutrition be im-
proved?

Oral nutritional supplementation is preferred in patients
with diabetic nephropathy and malnutrition. Nephropa-
thy-appropriate nutritional supplements can improve mal-
nutrition while avoiding the increased use of phosphate
binders and electrolyte disturbance (C, weakly recom-
mended)

Eighty malnourished hemodialysis patients were in-
cluded in an RCT published in 2021, which demonstrated
that one consecutive month of oral administration of
nephropathic enteral nutritional preparations (370
kcal/day) improved malnutrition inflammation scores and
serum albumin levels better than patients in the dietary
guidance alone group, without affecting the electrolyte
levels.35 Another RCT in 2008 included 86 moderately
malnourished hemodialysis patients, and oral nephropa-
thy-specific nutritional supplements (500 kcal/day) for
three consecutive months improved nutritional status and
quality of life compared with patients in the non-
intervention group, without increasing the need for phos-
phate binders.3!6

Q70: How can blood phosphorus status be improved
in patients with diabetic nephropathy complicated by
hyperphosphatemia?

In patients with diabetic nephropathy complicated by hy-
perphosphatemia, appropriate phosphate binders can be
chosen to control high blood phosphorus levels in case
dietary adjustments are ineffective (B, weakly recom-
mended)

A 3-year follow-up of 1,726 patients with CKD stages
3-5-investigators found that patients with serum phos-
phorus levels > 1.39 mmol/L had an increased risk of
dialysis and death (HR = 2.04), especially those with dia-
betic nephropathy.'” Diets that are low in protein and
conducive to limiting the intake of high-phosphorus foods
are still needed, but as renal function progresses, appro-
priate phosphate binders may also be considered when
phosphorus metabolism fails to improve by dietary con-
trol alone.

Q71: Do patients with diabetic nephropathy require
routine supplementation with vitamin D or its ana-
logs?

In vitamin D-deficient patients with diabetic nephropathy,
oral supplementation with vitamin D3 is beneficial for
improving the serum vitamin D status and dyslipidemia
(C, weakly recommended). Since there are no uniform
conclusions regarding the ability to improve proteinuria
and renal function in patients with diabetic nephropathy,
routine use is not recommended (C, weakly recommend-
ed)

In an RCT in 2019 that included 50 patients with vita-
min D-deficient diabetic nephropathy, oral vitamin D3
(50,000 IU/week) was assigned to patients in the inter-
vention group for eight consecutive weeks, and vitamin D
supplementation significantly increased vitamin D status
and lowered blood TG, LDL-C, and TC levels in the in-
tervention group compared to those in the control
group.®!® A systematic review in 2015 that included four
RCT intervention studies suggested that oral administra-
tion of vitamin D3 (800-7000 1U/day) or calcitriol (20—
40 1U/day) failed to significantly improve the urinary
albumin/creatinine ratio in vitamin D-deficient patients
with diabetic nephropathy compared with those in the
control group.®'® A meta-analysis in 2019 suggested that
supplementation with vitamin D or its analogs tended to
improve proteinuria in diabetic nephropathy compared to
that in the control group, but the difference was not statis-
tically significant.®?° According to another meta-analysis
in 2019 that included 20 RCTs with a total of 1,464 par-
ticipants, supplementation with vitamin D and its analogs
was beneficial for 24-hour urinary protein and inflamma-
tory markers in patients with diabetic nephropathy with-
out significant effects on serum creatinine, glomerular
filtration rate, and glycemic control 3%

Diabetes mellitus complicated by disorders of lipid me-
tabolism

Q72: How do different types of dietary fatty acids af-
fect lipid metabolism in patients with T2DM?
Reduction of dietary saturated fat is beneficial for reduc-
ing the risk of cardiovascular disease in patients with
T2DM. The intake of saturated fatty acids should not ex-
ceed 10% of total energy, and that of trans-fatty acids
should not exceed 1% of total energy, and the routine use
of -3 dietary supplements in patients with diabetes to
improve dyslipidemia is not yet supported (C, strongly
recommended)

In the prevention strategies for cardiovascular disease
based on T2DM and pre-diabetic populations, investiga-
tors have suggested that the ratio of fat energy supply
should be limited to 20%-30%, and the percentage of
calorie intake from SFA should be kept < 7%. The com-
position of fatty acids should be considered in cases
where the percentage of calorie intake from fat is >
25%.%22 The Chinese guidelines for the management of
dyslipidemia in patients with T2DM recommend an intake
of SFA of no more than 10% of total energy and trans-
fatty acids of no more than 1% of total energy.3® MUFA,
as a better source of dietary fat, should have an energy
supply ratio of 10%-20%, and PUFA intake should not
exceed 10% of the total calorie intake. It is recommended
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to consume fish two to four times a week (especially fish
rich in ®-3 PUFA, eicosapentaenoic acid, and docosahex-
aenoic acid) and nuts and seeds (rich in a-linolenic acid)
for the prevention or treatment of cardiovascular dis-
ease.®”* The main active ingredients of w-3 fatty acids are
eicosapentaenoic acid and docosahexaenoic acid extract-
ed from fish oil, which, alone or in combination with li-
pid-lowering drugs (fibrates or statins), can decrease TG
by up to 30%-40% with fewer adverse effects and good
tolerability. However, high-purity -3 fatty acids (2-4
g/day) are required to reduce serum TG levels®® effec-
tively. Based on current evidence, the routine use of ®-3
dietary supplements in patients with diabetes to improve
dyslipidemia is not supported,322 325327

Q73: What is the effect of dietary cholesterol on the
occurrence of cardiovascular events in patients with
diabetes?

Patients with diabetes with comorbid lipid metabolism
abnormalities may reduce cholesterol intake (C, strongly
recommended)

The latest ADA recommendations for lipid manage-
ment in patients with diabetes suggest that cholesterol
intake should be decreased in patients with diabetes with
comorbid lipid metabolism abnormalities.®** The expert
consensus on the prevention and treatment of T2DM in
patients with comorbid dyslipidemia in China recom-
mends a dietary cholesterol intake of < 300 mg/day.3?*
Patients with T2DM may benefit from a reduction in
LDL-C by emphasizing the intake of vegetables, fruits,
and whole grains (including low-fat dairy products, poul-
try, fish, legumes, non-tropical vegetable oils, and nuts)
and by limiting the intake of sweets, sugared beverages,
and red meat.3%

Diabetes mellitus combined with neuropathy

Q74: Does supplementation with vitamin B12 deriva-
tives (methylcobalamin) improve neuropathy in pa-
tients with diabetes?

The derivatives of vitamin B12 (mecobalamin) improve
spontaneous limb pain, numbness, nervous reflex, and
conduction disorders in patients with diabetes, and the
combination of mecobalamin and a-lipoic acid is more
effective than the treatment with mecobalamin alone (C,
weakly recommended)

Mecobalamin significantly improves clinical symp-
toms, signs, and nerve conduction velocities in patients
with diabetic neuropathy, and the combination of meco-
balamin and o-lipoic acid is more effective in the treat-
ment of diabetic peripheral neuropathy than mecobalamin
alone.3? 329 Plasma vitamin B12 levels were found to be
elevated after 12 months of oral administration of 1 mg
mecobalamin in patients with diabetic neuropathy, and
neurophysiologic indices, motor function, pain scores,
and quality of life were all improved.3°

Q75: Does a-lipoic acid improve diabetic neuropathy?
a-lipoic acid may improve neurosensory symptoms and
nerve conduction velocity, as well as neurophysiologic
alterations, and alleviate and delay the progression of
neurological damages, and oral supplementation is com-

parable to injection in terms of clinical efficacy (C, weak-
ly recommended)

Several studies have found that a-lipoic acid signifi-
cantly improves nerve conduction velocity and neuropa-
thy symptoms.®¥13% The results of a 4-year multicenter,
parallel RCT showed that a-lipoic acid improved neuro-
physiological alterations alleviated and delayed the pro-
gression of neurological damage, and was well tolerat-
ed.3* A meta-analysis showed comparable clinical effica-
cy of injected versus oral a-lipoic acid. *®

Q76: Does vitamin D supplementation improve neu-
ropathy in patients with diabetes?
Supplementation with high-dose vitamin D may be bene-
ficial in improving neuropathy symptoms and quality of
life in patients with T2DM (D, weakly recommended)
Several studies have demonstrated the benefits of vita-
min D supplementation in improving neuropathy in pa-
tients with diabetes.®*63% A 24-week RCT study showed
that participants with vitamin D deficiency/insufficiency
treated with vitamin D3 40,000 1U/week experienced a
significant decrease in the severity of neuropathy, im-
provement in skin microcirculation, decrease in IL-6 lev-
els, and an increase in IL-10 levels.33°

Diabetic foot
Q77: Does supplementation with amino acids with
pharmacological action, such as arginine, influence
foot ulcer healing in patients with diabetes?
Supplementation with pharmacologically active amino
acids (e.g., arginine) may promote the healing of foot
ulcers in patients with diabetes (C, weakly recommended)
A study divided 33 patients with a diabetic foot into
three groups for treatment of 9-284 days: 11 patients
treated with subcutaneous injection of 10 mmol/L argi-
nine in the wound, 11 treated with standard treatment
based on soap, water, and iodine, and 11 patients with
diabetes without ulcers as the control group. All patients
treated with arginine showed improvement in their ulcers,
with eight patients presenting complete healing in the
wound and another three patients withdrawing from the
study due to relocation, with ulcer healing rates of 95%,
90%, and 85%, respectively, before withdrawal. In con-
trast, the patients in the control group experienced wors-
ening ulcerative lesions.34

Q78: Does vitamin D supplementation influence the
healing of foot ulcers in patients with diabetes?
Supplementation with high-dose vitamin D may promote
healing of foot ulcers in patients with diabetes (C, weakly
recommended)

An RCT investigating the effect of vitamin D on foot
ulcer healing in patients with diabetes showed that 50,000
U of vitamin D supplementation administered every two
weeks for 12 weeks contributed to a more pronounced
reduction in the size of foot ulcers in patients with diabe-
tes in the study group.3* In another RCT, interventions
were provided to 64 patients with diabetic foot ulcers
with at least one ulcer or ulcer unhealed for at least six
weeks by oral administration of high-dose and low-dose
vitamin D3, respectively. The high-dose group was ad-
ministered 170 pg (6,800 1U) of vitamin D3 orally, and
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the low-dose group was administered 20 pg (800 IU) of
vitamin D3 orally for 48 weeks. The healing rate of ulcers
in the high-dose group was significantly greater than that
in the low-dosage group.*? In another RCT with 47 pa-
tients with Wagner grade 2 diabetic foot complicated by
vitamin D deficiency, 24 patients in the 300,000 IU vita-
min D intramuscular injection group and 23 patients in
the 150,000 IU vitamin D intramuscular injection group,
a significant reduction in ulcer area from baseline in both
groups after four weeks was realized and was even more
pronounced in the high-dosage group.3+

Q79: Does zinc supplementation influence foot ulcer
healing in patients with diabetes?
Supplementation with zinc may promote healing of foot
ulcers in patients with diabetes (D, weakly recommended)
In a randomized, double-blind, placebo-controlled trial
involving 60 patients with diabetic foot, 220 mg of zinc
sulfate was administered daily to 30 patients in the inter-
vention group, presenting a more significant reduction in
the size of foot ulcers in patients with diabetes in the in-
tervention group.®** Another RCT revealed that zinc sup-
plementation significantly reduced the size of foot ulcers
in patients with diabetes.34

Q80: Does magnesium supplementation influence foot
ulcer healing in patients with diabetes?
Supplementation with magnesium may promote healing
of foot ulcers in patients with diabetes (D, weakly rec-
ommended)

In a study of 70 patients with diabetic foot, the investi-
gators administered 250 mg of magnesium oxide for 12
weeks to the intervention group, and the results showed a
significant reduction in the length, width, and depth of the
ulcers in the intervention group compared with the con-
trol group.3* Vitamin E supplementation improves the
oxidative stress response and inflammation in the diabetic
foot,3" thus enhancing the effect of magnesium on the
healing of diabetic foot ulcers.

Medication and nutrition

Q81: Do GLP-1 receptor agonists contribute to weight
loss in patients with T2DM complicated by obesity or
overweight?

GLP-1 receptor agonists promote weight loss in patients
with T2DM complicated by obesity or overweight (A,
strongly recommended)

Several studies have demonstrated the ability of GLP-1
receptor agonists to promote weight loss. A recent reticu-
lated meta-analysis (including 143 RCTs) suggested that
the combination of GLP-1 receptor agonists and lifestyle
management was effective in promoting weight loss of
more than 5%, with weight loss effects superior to those
of orlistat, SGLT2i, and metformin.®* A meta-analysis
including 18 RCTs found that GLP-1 receptor agonists
promoted the improvement of body weight in over-
weight/obese patients with T2DM, with a mean weight
change of -2.8 (-3.4, -2.3) kg.3*° In addition to improving
blood glucose and lowering blood pressure and total cho-
lesterol levels, GLP-1 receptor agonists presented more
significant weight loss effects than other interventions,
with 1.9 kg weight loss in the GLP-1 receptor agonist

group compared to the placebo group (10 RCTs), 4.8 kg
weight loss compared to the insulin group (6 RCTs), 3.0
kg weight loss compared to the group administered with
other hypoglycemic agents (including metformin or sul-
fonylureas) (3 RCTs) and 2.0 kg weight loss in the group
administered with dipeptidyl peptidase IV inhibitor (DPP-
4i) (2 RCTs).3*® Several Chinese guidelines have sepa-
rately affirmed the role of GLP-1 receptor agonists in
delaying gastric emptying, reducing food intake, and low-
ering body weight and have recommended their use in
insulin-resistant patients with diabetes complicated by
abdominal obesity.? 30

Q82: Do GLP-1 receptor agonists affect muscle condi-
tion in the body?

Combining GLP-1 receptor agonists with calorie re-
striction and strict lifestyle interventions may lead to a
reduction in muscle and fat-free mass in patients with
diabetes, but their effects on muscle when used alone are
inconclusive (B, weakly recommended)

Based on a small-sample single-arm clinical study, the
application of exenatide for 14 weeks in obese patients
without diabetes promoted significant weight loss (2.0 £
2.8 kg) and a reduction in body fat (1.3 + 1.8 kg) (p =
0.01); however, the fat-free mass also presented a down-
ward trend (0.8 £ 2.2 kg), p = 0.14.3! Another meta-
analysis based on 18 RCTs similarly reported that the
application of semaglutide, a GLP-1 receptor agonist, in
patients with T2DM reduced the fat-free mass of the body
by up to -1.68 (-2.84, -0.52) kg.*%> However, another RCT
compared the outcomes of lifestyle intervention + lirag-
lutide and lifestyle intervention alone in obese individu-
als, and the results showed that despite a decrease in fat-
free mass in both groups after the 16-week intervention,
the difference between the groups was not statistically
significant, suggesting that liraglutide might not produce
independent adverse effects on muscle and fat-free mass
upon elimination of confounding factors, such as lifestyle
intervention and calorie restriction.3

Q83: Can SGLT2i reduce body weight?

SGLT2i promotes weight loss in patients with diabetes
and a change in body composition characterized by a de-
crease in body fat (B, strongly recommended)

The diabetes treatment guidelines released by the ADA
in 2021 also listed SGLT2i as a first-line hypoglycemic
agent for patients with diabetes with comorbid CKD,
heart failure, atherosclerotic cardiovascular disease status,
or elevated risk.%

Clinical evidence from multiple RCTs and meta-
analyses suggests that SGLT2i promotes weight loss in
patients with diabetes by 3%-5%, with an absolute
weight loss of 2.5-3.2 kg.%%5%%¢ MRI, dual-energy X-ray
absorptiometry, and bioresistive antibody component
analysis in an RCT study of Caucasian populations in
East Asia, Japan, Europe, and the United States further
revealed that 70%-85% of SGLT2i-induced body weight
loss originated from a reduction in body fat, whereas lean
body mass and grip strength were maintained without
significant reduction,39-363
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Q84: Does SGLT2i affect the body's bone metabo-
lism?

The effect of SGLT2i on bone metabolism of the body is
inconclusive; canagliflozin and dapagliflozin may pro-
mote the reduction of bone mineral density and bone loss.
The nutritional status of calcium, phosphorus, and vita-
min D needs to be closely observed during medication (C,
weakly recommended)

The CANVAS large-sample controlled clinical trial,
based on the clinical observation of 10,142 patients with
T2DM administered canagliflozin or placebo, suggested
the potential of canagliflozin in increasing the risk of
fracture, with an HR (95% CI) of 1.26 (1.04-1.52), and
another subsequent meta-analysis that pooled nine RCTs
(including the CANVAS trial) also obtained similar re-
sults.364 365 |n 2015, the Food and Drug Administration
(FDA) of the US issued a warning suggesting that
canagliflozin might contribute to the loss of body bone
density and the increase in the risk of fracture.*®® Accord-
ing to another small-sample RCT (252 patients), dapagli-
flozin resulted in 7.7% of patients with T2DM experienc-
ing a fracture event compared to placebo over 104 weeks
of dosing.3¢’

Q85: Do patients with diabetes who are administered
SGLT2i need to receive special dietary management?
SGLT2i promotes glucose excretion via the Kkidneys,
achieves feedback reduction in the production of insulin,
facilitates glucagon secretion, and tends to accelerate glu-
coneogenesis and ketoplasia. Avoidance of very low-
calorie intake and maintenance of carbohydrate energy
supply ratio of no less than 40% of daily dietary energy
are recommended to refrain from inducing normoglyce-
mic or hyperglycemic diabetic ketoacidosis (B, weakly
recommended)

A meta-analysis incorporated reports of 47 patients
with SGLT2i-associated diabetic ketoacidosis (DKA) in
the perioperative period. The results showed that multiple
factors contributed to the elevated risk of SGLT2i-
associated DKA in stress conditions, and in addition to
undercapacity, inflammation, infection, surgical stress, a
sudden and excessive dosage reduction of combined insu-
lin, and various emergencies (including pulmonary embo-
lism and acute kidney injury), alcohol abuse and insuffi-
cient intake of perioperative dietary carbohydrates, such
as prolonged preoperative fasting and very low-energy
diets in the perioperative period, were also critical induc-
ing factors.3% %8 Another 3-arm RCT comparing changes
in metabolic markers in patients with T2DM administered
luseogliflozin and different dietary compositions suggest-
ed that patients with low carbohydrates (40% energy sup-
ply ratio) had a significant elevation of blood ketone bod-
ies compared to those with high carbohydrates (55% en-
ergy supply ratio).6°

Q86: Does metformin potentially cause vitamin B12
deficiency?

Patients with diabetes who have been taking metformin
for the long term (more than two years) or at a dose of
more than 1500 mg/day should be routinely screened for
vitamin B12 to monitor and prevent vitamin B12 defi-
ciency (A, strongly recommended)

An RCT suggested that long-term use of metformin in-
creases the risk of vitamin B12 deficiency, which can
lead to elevated Hcy concentration, and that regular moni-
toring of vitamin B12 concentration is needed to prevent
vitamin B12 deficiency.3’% 31 Older patients with diabe-
tes taking metformin at a dose of more than 1500 mg/day
for more than two years are at an increased risk of vita-
min B12 deficiency and should be monitored for vitamin
B12 levels before and after administration.3"2

In summary, given the importance of the comprehen-
sive treatment and management of diabetes, MNT should
be used throughout the care of individuals with diabetes.
The implementation of MNT by dietitians or other allied
healthcare professionals is effective in reducing body
weight, improving glycemic control, preventing and de-
laying the onset of cardiovascular disease, decreasing the
dosage of medication in patients with diabetes, reducing
direct healthcare costs, improving quality of life, delaying
the onset of T2DM, and even induce the remission of
T2DM.
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