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Background and Objectives: The objective was to compare the dietary intakes of individuals with type 1 diabetes (T1D) to individuals without diabetes in China. Methods and Study Design: Data are from 1) the 3C Nutrition Ancillary Study, a cross-sectional study of individuals with T1D in China, and 2) the China Health and Nutrition Survey. Dietary intake in both samples was assessed using three 24-hour recalls. ANCOVA and multivariable logistic regression, adjusted for sex, age, and urban-rural residence, were used to assess differences in nutrient and food group intake between participants without diabetes (n=1059) and participants with T1D (n=97), who
were stratified by insulin regimen (basal-bolus, n=49, versus fixed, n=48). Results: Participants with T1D had a
lower percentage of energy from carbohydrates, higher vegetable intake, and were more likely to consume lowfat cakes and fungi/sea weed compared to participants without diabetes (all p<0.05). Distinguishing characteristics of insulin regimen groups also emerged. Participants on fixed regimens had higher intakes of wheat and were
less likely to consume fruit and more likely to consume high-fat cakes and dairy compared to participants without
diabetes (all p<0.05). Participants on basal-bolus regimens were less likely to consume fried foods and more likely to consume fish/shellfish compared to participants without diabetes (all p<0.05). Conclusions: Differences in
dietary intake between participants with and without T1D in China suggest that dietary modifications are common and reflect carbohydrate-conscious nutrition recommendations for individuals with T1D. Future research
should focus on the health effects of these modifications.
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INTRODUCTION
Modifications to dietary intake have consistently been an
essential component of type 1 diabetes (T1D) treatment.
In a considerable shift from the prescriptive diets characteristic of much of the 20th century,1-3 in 1994, the American Diabetes Association (ADA) published nutrition recommendations emphasizing individualization of dietary
advice with a focus on the effects of nutrition therapy on
metabolic control.4 The most recent ADA recommendations reiterate that there is no “one-size-fits-all” diet for
individuals with diabetes and that food choices should
only be limited when supported by scientific evidence.5
There is a dearth of information on the dietary intakes
of individuals with T1D from low- and middle-income
countries where economic development and urbanization
have resulted in a transition from traditional foods to
foods high in saturated fat and sugar, and low in fiber.6,7
Whether this nutrition transition has also affected the dietary intakes and self-management practices of individuals

with T1D in these countries has yet to be explored.
A recent study conducted in Shanghai reported a mean
annual increase in the incidence rate of T1D of 14.2%
between 1997 and 2011, suggesting that the burden of
T1D in China is increasing.8 China has also undergone
dramatic changes in diet over the past 20 years.9-12 The
objective of this study was to compare the dietary intakes
of individuals with T1D in China to those of individuals
without diabetes in China. Such a comparison will improve our understanding of how patients with T1D are
modifying their diet relative to the general population in
order to manage their condition and will inform future
Corresponding Author: Dr Lindsay M Jaacks, 1518 Clifton Dr
NE, Claudia Nance Rollins 7040-I, Atlanta, GA 30322 USA.
Tel: +001 4047279976; Fax: +001 4047274590
Email: ljaacks@emory.edu
Manuscript received 17 October 2014. Initial review completed
and accepted 27 October 2014.
doi: 10.6133/apjcn.2015.24.4.03

640

LM Jaacks, S Du, MA Mendez, J Crandell, W Liu, L Ji, W Rosamond, BM Popkin and EJ Mayer-Davis

interventions to improve the lives of individuals with
T1D in China.
METHODS
Study samples
The 3C Study was an epidemiological study of the coverage, cost, and care of T1D in China.13 The 3C Nutrition
Ancillary Study (3CNAS) was conducted between February and August 2013, on average, 1.6±0.2 years (range:
1.2-2.0 years) after the 3C Study, and expanded the 3C
Study to include comprehensive information on dietary
intake. 3C Study participants who met the following criteria were eligible for 3CNAS: Beijing resident, ≥12 years
old, no severe diabetes complications (i.e. advanced micro- and macrovascular complications, including
nephropathy and stroke), and in-service telephone number
available. A total of n=195 3C Study participants met
these criteria. Of these, n=72 (37%) refused to participate
and n=23 (12%) dropped out before the 3CNAS visit. The
final sample size was n=100. There were no differences
in diabetes duration, sex, education, or residence status
between those who participated and those who refused or
dropped out (all p>0.05). However, those who participated tended to be older (p=0.001), have higher household
incomes (p=0.05), and be retired/unemployed (p=0.06)
and married/cohabitating (p=0.02).
Data on individuals without T1D residing in Beijing
came from the most recent (2011) China Health and Nutrition Survey (CHNS). CHNS is an ongoing open cohort
of the health and nutritional status of the Chinese population.14 For the first time in 2011, 24 communities from
Beijing were included in the survey. CHNS participants
who met the following criteria were eligible for this analysis: Beijing resident, ≥12 years old, no diagnosed diabetes, and dietary data available. The final sample size was
n=1059.
All procedures were approved by The University of
North Carolina Office of Human Research Ethics (study
number 12-2408) and for 3CNAS, the Peking University
Biomedical Institutional Review Board (study number
IRB00001052-13007), and for CHNS, the China National
Institute of Nutrition and Food Safety, China Center for
Disease Control and Prevention (study number 201524).
All participants provided informed consent (≥18 years old)
or parent permission and participant assent (12 to <18
years old).
Dietary intake assessment
Dietary intake in 3CNAS was assessed using three (two
weekdays and one weekend day) telephone administered
24-hour recalls assisted by food records. Telephone
administration was used to overcome the cultural stigma
associated with T1D in China, which precluded visiting
the homes of participants. This method was validated
a gainst in-person admini strati on in a subset of
participants.15 At the end of the 3CNAS visit, participants
were trained by dietitians to record their dietary intake on
food records provided in an introductory packet.
Emphasis was placed on estimating portion sizes using
food samples, an electronic scale, and a culturally
appropriate portion size picture guide. On average,
beginning 3.0±2.8 days after this visit, participants

completed the three 24-hour recalls.
Dietary intake in CHNS was assessed using three
consecutive in-person administered 24-hour recalls
randomly allocated to start between Monday and Sunday
in combination with a household food inventory
conducted over the same 3-day period.10 Food models and
picture aids were used by trained interviewers to assist
with estimating portion sizes. For dishes prepared at
home, the recipe components were taken from the
household food inventory and portion sizes were based on
the proportion of the dish reportedly consumed by the
participant.
For both 3CNAS and CHNS, the 24-hour recall food
lists were converted into nutrients using the Chinese Food
Composition Tables.16,17 Nutritionally meaningful food
groups were derived by a collaborative working group
that included researchers at The University of North Carolina, Chapel Hill, and the China National Institute of
Nutrition and Food Safety.10 Nutrients were specified
continuously as energy densities.18 Due to the non-normal
distribution of some food groups largely stemming from
large proportions of non-consumers, food groups were
specified as binary variables. Food groups with ≥80%
consumers were dichotomized as below versus above the
median of the corresponding food group distribution in
g/1000 kcal among participants without diabetes, and
food groups with <80% consumers were dichotomized as
non-consumers versus consumers.
Covariate assessment
Self-reported demographic data were collected via interviewer-administered questionnaires during the 3C Study
visit and the CHNS visit. Both studies used standardized
protocols to measure weight and height. Underweight and
overweight for adults (≥18 years) were defined according
to the WHO’s recommendation as underweight, BMI
<18.5 kg/m2, and overweight, BMI ≥25 kg/m2,19 and for
adolescents (12 to <18 years) using the sex- and agespecific cut-points recommended by the International
Obesity Task Force.20,21
Information on insulin administration was collected
during the 3CNAS visit. Two insulin regimens were
defined as follows: (1) “basal-bolus,” including
continuous subcutaneous infusion and regimens with ≥3
daily injections that included glargine or detemir, and (2)
“fixed,” including regimens with ≥3 daily injections with
any insulin types excluding glargine and detemir and
regimens with 1-2 injections per day of any insulin types.
Statistical analysis
Descriptive statistics were used to summarize sample
characteristics, and differences between participants with
and without diabetes were evaluated using ANOVA for
continuous variables and chi-square tests for categorical
variables.
Potential confounders, including age, sex, marital status, household income, residence status, education, occupation, medical insurance coverage, smoking status, and
BMI status, were explored using a directed acyclic
graph22 and formally evaluated by estimating their associations with both the exposure (diabetes status) and outcomes (nutrients and food groups). We found that BMI
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status was a collider in the directed acyclic graph analysis,
being both the result of diabetes status and dietary intake.
We therefore did not include BMI status in our final
models as adjustment for colliders results in biased estimates.23,24 The final adjustment set included sex, age (<22
years versus ≥22 years), and residence status (urban versus rural) as these factors were associated with the exposure (Table 1) and the outcomes (data not shown). Because n=3 participants with T1D were missing residence
status, the final sample size for this analysis was n=1059
without diabetes and n=97 with T1D (n=49 on basalbolus insulin regimens and n=48 on fixed insulin regimens).
Confounder-adjusted differences were calculated using
ANCOVA for continuous variables (nutrients) and multivariable logistic regression for binary variables (food
groups). Given that dietary recommendations for T1D
management are specific to an individual’s insulin regimen and differ between flexible, basal-bolus regimens
and fixed regimens,25 analyses were conducted with 1) all
participants with T1D combined and 2) participants with
T1D stratified by insulin regimen (basal-bolus versus
fixed).
All statistical analyses were conducted using SAS 9.2
(SAS Institute, Cary, North Carolina). Values presented
are mean±SD or percentage (n) unless otherwise
indicated.
RESULTS
Participants with T1D were more likely to be <22 years
old (p=0.04) and single/divorced/widowed (p<0.0001),
had higher incomes (p=0.002) and education (p=0.01),
and were more likely to be underweight and less likely to
be overweight (p<0.0001) compared to participants without diabetes (Table 1). Participants with T1D on fixed
insulin regimens were more likely to be male compared to
the other two groups (p=0.04), and participants with T1D
on basal-bolus insulin regimens were more likely to be
urban residents compared to the other two groups
(p=0.008).
The macronutrient composition of the diets of participants with and without T1D differed substantially (Table
2). Participants with T1D had a significantly (p=0.01)
lower adjusted mean percentage of energy from carbohydrates compared to participants without diabetes: approximately 47% of calories from carbohydrates in those with
T1D versus 50% in those without diabetes. Consistent
with this observation, participants with T1D had a significantly higher adjusted mean percentage of energy from
fat (p=0.04) and protein (p=0.02) compared to participants without diabetes. Stratification by insulin regimen
revealed that the differences in carbohydrate and fat were
stronger among participants on fixed insulin regimens,
while the difference in protein was more evident in participants on basal-bolus insulin regimens. No statistically
significant differences were observed in adjusted mean
fiber intake.
Participants with T1D in both insulin regimen groups
were more likely to be consumers of low-fat cakes (adjusted OR [95% CI], 3.19 [1.99, 5.10]) and fungi/seaweed
(adjusted OR [95% CI], 2.69 [1.76, 4.12]) compared to
participants without diabetes (Table 3). They were also
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significantly more likely to be above the median intake
for vegetables (adjusted OR [95% CI], 8.33 [4.37, 15.86])
compared to participants without diabetes.
Participants with T1D on basal-bolus insulin regimens
had several distinct dietary modifications (Table 3): they
were less likely to be consumers of fried foods (adjusted
OR [95% CI], 0.48 [0.23, 1.00]) and more likely to be
consumers of fish/shellfish (adjusted OR [95% CI], 1.95
[1.08, 3.52]) compared to participants without diabetes.
Participants with T1D on fixed insulin regimens also
had several distinct dietary modifications (Table 3): they
were more likely to be above the median intake for wheat
products (adjusted OR [95% CI], 2.03 [1.08, 3.81]), and
they were more likely to be consumers of high-fat cakes
(adjusted OR [95% CI], 2.73 [1.25, 5.95]) and milk/milk
products (adjusted OR [95% CI], 2.57 [1.19, 5.53]).
Furthermore, they were less likely to be consumers of
fruit (adjusted OR [95% CI], 0.47 [0.26, 0.87]).
DISCUSSION
Individuals with T1D in China had a lower mean
percentage of energy from carbohydrates compared to
individuals without diabetes. In addition, they had higher
intakes of vegetables, fungi/seaweed, and low-fat cakes.
Several distinguishing characteristics of insulin regimen
groups also emerged: participants on fixed regimens had
higher intakes of wheat products and were less likely to
consume fruit and more likely to consume high-fat cakes
and dairy compared to participants without diabetes. In
contrast, participants on basal-bolus regimens were less
likely to consume fried foods and more likely to consume
fish/shellfish compared to participants without diabetes.
Together, these observations suggest that dietary
modifications are common among individuals with T1D
in China and reflect carbohydrate-conscious nutrition
recommendations.
Few studies have systematically compared the dietary
intakes of individuals with T1D and the general
population. One study conducted in the United States
found similar results to our study, reporting that adults
with T1D had a higher mean percentage of energy from
fat and protein and a lower mean percentage of energy
from carbohydrates compared to controls.26 A similarly
higher mean percentage of energy from fat compared to
controls has also been observed in several small samples
of youth with T1D in Europe.27,28
In contrast to the aforementioned studies, a small study
conducted in Australia did not find any statistically
significant differences in dietary intake between adults
with newly diagnosed T1D and controls despite the fact
that all of the T1D participants were reportedly following
fixed insulin regimens matched to a set diet.29 Two other
studies, both conducted in youth with T1D in Europe,
also did not find significant differences in the
macronutrient composition of the diet between
participants with T1D and controls.30,31 In our study, most
participants with T1D were on fixed insulin regimens
matched to a rigid diet with respect to timing and amount
of food,15 and we observed substantial differences in
dietary intake between participants with T1D and those
without diabetes despite previously reporting limited
nutrition education in this group of participants.15 This

642

LM Jaacks, S Du, MA Mendez, J Crandell, W Liu, L Ji, W Rosamond, BM Popkin and EJ Mayer-Davis

Table 1. Comparison of demographic and clinical characteristics between participants without diabetes and those with type 1 diabetes, combined and stratified by insulin regimen

Age (years)
<22
≥22
Diabetes duration (years)
Sex
Men
Women
Marital status
Married/cohabitating
Single/divorced/widowed
Household income (RMB/month)
<3000
3000 - <5000
5000 - <10,000
≥10,000
Residence
Urban
Rural
Highest attained level of education
<University
Junior college
≥University
Occupation
Non-government worker
Government worker
Student
Farmer
Retired or not working
Medical insurance coverage
Yes
No

T1D

p
combined T1D†

p
stratified T1D‡

0.28
0.04

0.52
0.10

N/A

0.03

35.4 (17)
64.6 (31)

0.20

0.04

52.2 (24)
47.8 (22)

66.7 (32)
33.3 (16)

<0.001

<0.001

19.0 (18)
23.2 (22)
31.6 (30)
26.3 (25)

12.8 (6)
23.4 (11)
34.0 (16)
29.8 (14)

25.0 (12)
22.9 (11)
29.2 (14)
22.9 (11)

0.002

0.009

78.9 (836)
21.1 (223)

84.5 (82)
15.5 (15)

95.9 (47)
4.1 (2)

72.9 (35)
27.1 (13)

0.19

0.008

48.0 (506)
12.4 (131)
39.6 (417)

32.3 (31)
14.6 (14)
53.1 (51)

25.0 (12)
14.6 (7)
60.4 (29)

39.6 (19)
14.6 (7)
45.8 (22)

0.01

0.02

37.5 (364)
22.8 (221)
1.8 (17)
1.4 (14)
36.5 (354)

30.9 (30)
17.5 (17)
17.5 (17)
7.2 (7)
26.8 (26)

28.6 (14)
16.3 (8)
16.3 (8)
4.1 (2)
34.7 (17)

33.3 (16)
18.8 (9)
18.8 (9)
10.4 (5)
18.8 (9)

<0.001

<0.001

94.7 (1000)
5.3 (56)

95.9 (93)
4.1 (4)

95.9 (47)
4.1 (2)

95.8 (46)
4.2 (2)

0.62

0.88

No diabetes
(n=1059)

T1D
(n=97)

43.1±15.3
8.3 (88)
91.7 (971)
N/A

41.3±16.3
14.4 (14)
85.6 (83)
11.6±9.3

Basal-bolus insulin
(n=49)
41.9±17.4
16.3 (8)
83.7 (41)
13.6±10.9

Fixed insulin
(n=48)
40.7±15.3
12.5 (6)
87.5 (42)
9.5±6.9

53.2 (563)
46.8 (496)

46.4 (45)
53.6 (52)

57.1 (28)
42.9 (21)

88.0 (871)
12.0 (119)

59.6 (56)
40.4 (38)

22.4 (234)
25.3 (264)
39.9 (417)
12.4 (130)

T1D: type 1 diabetes. Values are given as mean±SD or percentage (n).
†
p from chi-square test for categorical variables and ANOVA for continuous variables comparing participants without diabetes and participants with type 1 diabetes.
‡
p from chi-square test for categorical variables and ANOVA for continuous variables comparing participants without diabetes, participants with type 1 diabetes on basal-bolus insulin regimens, and participants with
type 1 diabetes on fixed insulin regimens.
§
Underweight and overweight for adults (≥18 years) were defined according to the World Health Organization’s recommendation as underweight, BMI <18.5 kg/m2, and overweight, BMI ≥25 kg/m2, and for adolescents (12 to <18 years) using the sex- and age-specific cut-points recommended by the International Obesity Task Force.
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Table 1. Comparison of demographic and clinical characteristics between participants without diabetes and those with type 1 diabetes, combined and stratified by insulin regimen
(cont.)

Smoking status
Non-smoker
Smoker
BMI Status§
Underweight
Normal weight
Overweight

No diabetes
(n=1059)

T1D
(n=97)

79.1 (834)
20.9 (220)
3.1 (33)
55.0 (580)
41.8 (441)

T1D

p
combined T1D†

p
stratified T1D‡

75.0 (36)
25.0 (12)

0.77

0.41

18.8 (9)
79.2 (38)
2.1 (1)

<0.001

<0.001

Basal-bolus insulin
(n=49)

Fixed insulin
(n=48)

80.4 (78)
19.6 (19)

85.7 (42)
14.3 (7)

16.5 (16)
73.2 (71)
10.3 (10)

14.3 (7)
67.4 (33)
18.4 (9)

T1D: type 1 diabetes. Values are given as mean±SD or percentage (n).
†
p from chi-square test for categorical variables and ANOVA for continuous variables comparing participants without diabetes and participants with type 1 diabetes.
‡
p from chi-square test for categorical variables and ANOVA for continuous variables comparing participants without diabetes, participants with type 1 diabetes on basal-bolus insulin regimens, and participants with
type 1 diabetes on fixed insulin regimens.
§
Underweight and overweight for adults (≥18 years) were defined according to the World Health Organization’s recommendation as underweight, BMI <18.5 kg/m2, and overweight, BMI ≥25 kg/m2, and for adolescents (12 to <18 years) using the sex- and age-specific cut-points recommended by the International Obesity Task Force.

Table 2. Comparison of nutrient intake between participants without diabetes and those with type 1 diabetes, combined and stratified by insulin regimen

Energy intake (kcal/day)
Fat (% kcal)
Carbohydrate (% kcal)
Protein (% kcal)
Fiber (g/1000 kcal)

No diabetes
(n=1059)

T1D
(n=97)

1769±18
33.8±0.3
49.9±0.3
15.3±0.1
8.2±0.1

1560±60.4
36.0±1.0
47.2±1.0
16.2±0.4
7.4±0.5

T1D
Basal-bolus insulin
(n=49)
1543±85
35.7±1.5
47.5±1.4
16.3±0.5
7.4±0.7

Fixed insulin
(n=48)
1578±86
36.4±1.5
46.8±1.4
16.1±0.5
7.4±0.7

p
T1D vs
no diabetes†
0.001
0.04
0.01
0.02
0.13

p
basal-bolus vs
no diabetes‡
0.01
0.21
0.10
0.06
0.27

T1D: type 1 diabetes.
Values are given as least square (LS) mean±SD from analysis of covariance, adjusted for sex (male versus female), age (< 22 years versus ≥ 22 years), and residence status (urban versus rural).
†
p from pair-wise comparison of LS means from analysis of covariance. p> |t| for H0: LS mean (type 1 diabetes) = LS mean (no diabetes).
‡
p from pair-wise comparison of LS means from analysis of covariance. p> |t| for H0: LS mean (basal-bolus or fixed insulin) = LS mean (no diabetes).

p
fixed vs
no diabetes‡
0.03
0.08
0.04
0.15
0.27
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Table 3. Comparison of food group intake between participants without diabetes and those with type 1 diabetes, combined and stratified by insulin regimen

Rice
≤Median† (ref)
>Median
Wheat products
≤Median† (ref)
>Median
Low-fat cakes
Non-consumer (ref)
Consumer
High-fat cakes
Non-consumer (ref)
Consumer
Fried foods
Non-consumer (ref)
Consumer
Fast food
Non-consumer (ref)
Consumer
Vegetables
≤Median† (ref)
>Median
Fruit
Non-consumer (ref)
Consumer
Fungi & seaweed
Non-consumer (ref)
Consumer
Nuts & seeds
Non-consumer (ref)
Consumer

Fixed insulin
(n=48)

T1D vs
no diabetes (ref)‡

OR (95% CI)
Basal-bolus vs
no diabetes (ref)‡

55.1 (27)
44.9 (22)

58.3 (28)
41.7 (20)

0.74
(0.49, 1.13)

0.81
(0.45, 1.45)

0.68
(0.38, 1.23)

38.1 (37)
61.9 (60)

44.9 (22)
55.1 (27)

31.3 (15)
68.8 (33)

1.66
(1.08, 2.56)

1.39
(0.78, 2.49)

2.03
(1.08, 3.81)

87.0 (921)
13.0 (138)

68.0 (66)
32.0 (31)

65.3 (32)
34.7 (17)

70.8 (34)
29.2 (14)

3.19
(1.99, 5.10)

3.25
(1.74, 6.06)

3.12
(1.62, 6.03)

90.9 (963)
9.1 (96)

81.4 (79)
18.6 (18)

81.6 (40)
18.4 (9)

81.3 (39)
18.8 (9)

2.25
(1.28, 3.95)

1.91
(0.89, 4.09)

2.73
(1.25, 5.95)

69.3 (734)
30.7 (325)

76.3 (74)
23.7 (23)

81.6 (40)
18.4 (9)

70.8 (34)
29.2 (14)

0.68
(0.42, 1.11)

0.48
(0.23, 1.00)

0.93
(0.49, 1.77)

42.5 (450)
57.5 (609)

41.2 (40)
58.8 (57)

44.9 (22)
55.1 (27)

37.5 (18)
62.5 (30)

1.03
(0.68, 1.58)

0.87
(0.49, 1.55)

1.23
(0.68, 2.25)

50.1 (530)
50.0 (529)

11.3 (11)
88.7 (86)

8.2 (4)
91.8 (45)

14.6 (7)
85.4 (41)

8.33
(4.37, 15.86)

11.45
(4.06, 32.26)

6.53
(2.88, 14.78)

26.0 (275)
74.0 (784)

32.0 (31)
68.0 (66)

18.4 (9)
81.6 (40)

45.8 (22)
54.2 (26)

0.70
(0.44, 1.13)

1.20
(0.56, 2.57)

0.47
(0.26, 0.87)

65.3 (692)
34.7 (367)

41.2 (40)
58.8 (57)

34.7 (17)
65.3 (32)

47.9 (23)
52.1 (25)

2.69
(1.76, 4.12)

3.47
(1.89, 6.36)

2.10
(1.17, 3.77)

66.3 (702)
33.7 (357)

56.7 (55)
43.3 (42)

57.1 (28)
42.9 (21)

56.3 (27)
43.8 (21)

1.49
(0.97, 2.29)

1.31
(0.73, 2.36)

1.71
(0.94, 3.11)

No diabetes
(n=1059)

T1D
(n=97)

50.1 (530)
50.0 (529)

56.7 (55)
43.3 (42)

50.1 (530)
50.0 (529)

T1D
Basal-bolus insulin
(n=49)

T1D: type 1 diabetes; ref: referent.
Values are given as percentage (n) or OR (95% CI).
†
Median defined according to distribution in g/1000 kcal among participants without diabetes.
‡
OR (95% CI) from multivariable logistic regression, adjusted for sex (male versus female), age (< 22 years versus ≥ 22 years), and residence status (urban versus rural).

Fixed vs
no diabetes (ref)‡
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Table 3. Comparison of food group intake between participants without diabetes and those with type 1 diabetes, combined and stratified by insulin regimen (cont.)

Beans & bean products
Non-consumer (ref)
Consumer
Red meat
≤Median† (ref)
>Median
Poultry
Non-consumer (ref)
Consumer
Fish & shellfish
Non-consumer (ref)
Consumer
Eggs
≤Median† (ref)
>Median
Milk & milk products
Non-consumer (ref)
Consumer
Sugar-sweetened beverages
Non-consumer (ref)
Consumer

Fixed insulin
(n=48)

T1D vs
no diabetes (ref)‡

OR (95% CI)
Basal-bolus vs
no diabetes (ref)‡

Fixed vs
no diabetes (ref)‡

14.3 (7)
85.7 (42)

25.0 (12)
75.0 (36)

1.40
(0.83, 2.36)

2.10
(0.93, 4.74)

1.00
(0.51, 1.96)

42.3 (41)
57.7 (56)

42.9 (21)
57.1 (28)

41.7 (20)
58.3 (28)

1.32
(0.86, 2.02)

1.24
(0.69, 2.23)

1.40
(0.77, 2.54)

64.4 (682)
35.6 (377)

69.1 (67)
30.9 (30)

65.3 (32)
34.7 (17)

72.9 (35)
27.1 (13)

0.72
(0.46, 1.14)

0.79
(0.43, 1.46)

0.65
(0.34, 1.26)

59.1 (626)
40.9 (433)

48.5 (47)
51.6 (50)

40.8 (20)
59.2 (29)

56.3 (27)
43.8 (21)

1.52
(1.00, 2.32)

1.95
(1.08, 3.52)

1.18
(0.65, 2.13)

50.1 (530)
50.0 (529)

39.2 (38)
60.8 (59)

34.7 (17)
65.3 (32)

43.8 (21)
56.3 (27)

1.55
(1.01, 2.38)

1.76
(0.96, 3.21)

1.38
(0.77, 2.48)

34.0 (360)
66.0 (699)

17.5 (17)
82.5 (80)

14.3 (7)
85.7 (42)

20.8 (10)
79.2 (38)

2.39
(1.35, 4.25)

2.19
(0.95, 5.05)

2.57
(1.19, 5.53)

89.9 (952)
10.1 (107)

90.7 (88)
9.3 (9)

85.7 (42)
14.3 (7)

95.8 (46)
4.2 (2)

0.85
(0.41, 1.74)

1.24
(0.54, 2.87)

0.40
(0.10, 1.70)

No diabetes
(n=1059)

T1D
(n=97)

25.4 (269)
74.6 (790)

19.6 (19)
80.4 (78)

50.0 (529)
50.1 (530)

T1D
Basal-bolus insulin
(n=49)

T1D: type 1 diabetes; ref: referent.
Values are given as percentage (n) or OR (95% CI).
†
Median defined according to distribution in g/1000 kcal among participants without diabetes.
‡
OR (95% CI) from multivariable logistic regression, adjusted for sex (male versus female), age (< 22 years versus ≥ 22 years), and residence status (urban versus rural).
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result may partially stem from the fact that our sample,
relative to the aforementioned samples, was older and had
longer disease durations. More research is needed to
identify the underlying factors contributing to the
observed dietary modifications of individuals with T1D in
China.
The mean fiber intakes of participants with T1D and
those without diabetes were well below the recommended
level of 14 g/1000 kcal.5 While there was no statistically
significant difference between these means after adjustment for confounders, the fiber intake of participants with
T1D was, on average, approximately 0.8 g/1000 kcal
lower than that of participants without diabetes. Given
that fiber intake is inversely associated with all-cause
mortality and cardiovascular disease risk among individuals with diabetes,32,33 identifying strategies for improving dietary fiber intake should be an important goal of
future research.
Individuals with T1D in both insulin regimen groups
had higher intakes of vegetables, fungi/seaweed, and lowfat cakes compared to individuals without diabetes. The
observation that they were more likely to consume fungi/seaweed may be the result of recommendations during
diabetes education courses to eat more sugar-free foods,
of which fungi are used as an example. The increased
intake of low-fat cakes, which includes biscuits/crackers,
likely reflects the common use of these food items to treat
hypoglycemia in China.
We observed that individuals with T1D on fixed insulin regimens were increasing their wheat product intake
relative to individuals without diabetes. They also restricted their rice intake relative to individuals without
diabetes, though it was not statistically significant. These
observations may reflect the fact that physicians in China,
when discussing the effects of carbohydrates on blood
glucose, often use rice as an example. In the absence of
additional nutrition education, we hypothesize that patients may subsequently equate rice with high blood glucose and replace rice with wheat products for their staple
food. Similarly, we observed that individuals with T1D
on fixed insulin regimens were more likely to consume
high-fat cakes compared to individuals without diabetes,
perhaps because sugar-free cakes tend to be higher in fat
and patients focus on low-sugar, low-carbohydrate foods
rather than the totality of nutritional information. Finally,
individuals with T1D on fixed insulin regimens (but not
those on basal-bolus insulin regimens) restricted fruit
intake, a phenomenon also reported in the United States,34
and again, likely the result of a carbohydrate focus rather
than a healthy diet focus. Overall, the lack of physician
time and dietitian involvement in T1D care in China may
be contributing to patient misconceptions relating to nutrition. In-depth, qualitative research into this phenomenon may prove to be informative for future nutrition interventions in this population.
Participants with T1D on basal-bolus insulin regimens
had a generally healthier diet than the other groups, consuming fewer fried foods and more fish/shellfish. They
also had higher intakes of beans and eggs relative to individuals without diabetes, though these differences were
not statistically significant. These observations are consistent with the higher protein intake found in this group.

Together, these results suggest that individuals with T1D
in China who are on basal-bolus insulin regimens may be
more motivated and/or have higher adherence to selfmanagement relating to nutrition.
Participants with T1D in both insulin regimen groups
had significantly lower energy intake compared to participants without diabetes. They were also more likely to be
underweight and less likely to be overweight compared to
individuals without diabetes. This observation is consistent with a study conducted in Guangdong in southern
China, which reported underweight and overweight prevalences of 19.6% and 11.8%, respectively, among individuals with T1D.35 Several factors may be underlying
these results including the fact that most participants with
T1D in 3CNAS reported a rigid diet with respect to timing and amount of food, including those on basal-bolus
insulin regimens,15 and this may prevent overeating and
weight gain. Furthermore, the diabetes duration in this
sample was relatively long and though 3C Study participants with self-reported advanced micro- and macrovascular complications were not eligible for 3CNAS, it is
possible that the natural progression of T1D and undiagnosed complications contributed to the relatively high
prevalence of underweight.
This study focused on individuals with T1D in a large
urban area in northern China. Therefore, results may not
be generalizable to more rural areas or southern China
where the diet differs substantially from the north. Additional challenges of this study were differences in dietary
assessment methods between 3CNAS and CHNS. While
interviewers from both studies were trained by staff from
the China Center for Disease Control and Prevention, and
the 24-hour recall questionnaire and food composition
tables were the same between studies, we cannot rule out
that some of the differences observed between individuals
with and without diabetes were the result of slight differences in dietary assessment methods rather than true differences between these populations. Related to this, dietary intake was self-reported and therefore subject to differential misclassification as individuals with T1D may
be more accustomed to reporting dietary intake. Finally,
participants with T1D on basal-bolus insulin regimens
were more urban and therefore may have more modern
lifestyles than the other two groups. Although we controlled for residence status in the analysis, we cannot rule
out residual confounding by unmeasured correlates of a
more urbanized, modern lifestyle.
The substantial differences in macronutrient content,
particularly carbohydrates, and food groups between
individuals with T1D in China and those without diabetes
suggest that dietary modifications are common and reflect
carbohydrate-conscious nutrition recommendations for
individuals with T1D. Future research should focus on the
effects of these modifications on quality of life and health
outcomes.
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中国 1 型糖尿病患者与正常人群的膳食摄入比较研究
背景与目的：比较中国 1 型糖尿病患者与正常人群的膳食摄入之间的差异。方
法与研究设计：数据来源于 3C 营养辅助研究（中国 1 型糖尿病横断面研究）
及中国健康与营养调查，两项研究均的膳食摄入量是采用 3 天 24 小时回顾法
评估的。本研究经调整年龄、性别及城乡差异，应用协方差分析和多因素
Logistic 回归分析比较 1 型糖尿病患者（n=97）及正常人群（n=1059）营养素
和食物组分摄入之间的差异，并对 1 型糖尿病患者根据胰岛素治疗方式进行分
层分析（基础餐食方案，n=49；固定剂量方案，n=48）。结果：与正常人群
相比，1 型糖尿病患者能量摄入中碳水化合物占的比例较低，蔬菜类较高，更
倾向于摄入低脂点心、木耳、海带类食物（p<0.05）。不同胰岛素治疗组之间
亦存在差异。与正常人群相比，使用固定剂量胰岛素方案的 1 型糖尿病患者摄
入小麦制品、高脂点心及奶制品较多，而水果类较少（p<0.05），使用基础餐
食胰岛素方案的 1 型糖尿病患者摄入油炸食品较少而鱼类及海鲜类食品较多
（p<0.05）。结论：中国 1 型糖尿病患者与正常人群之间膳食摄入的差异提示
1 型糖尿病患者膳食调整比较常见，更关注碳水化合物摄入的饮食指导建议。
未来需要进一步研究这种膳食调整对健康的影响。
关键词：人类营养、碳水化合物、流行病学、1 型糖尿病、中国

