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Background and Objectives: Poor adherence to dietary guidelines is related to physical and mental disorders, as
reflected in self-reported health statuses. This study evaluates the association between diet quality and self-
reported health within the Shanghai Diet and Health Study. Methods and Study Design: We used Chinese Die-
tary Guidelines Adherence scores to assess diet quality in a cross-sectional study of 4487 subjects above 15 years
of age, who completed three-day 24h diet recalls and responded to self-reported health questionnaires. A compo-
site health score was calculated based on Item Response Theory, using the Rasch model. Multiple linear-
regression models were evaluated to assess the relationship between self-reported health status and diet quality.
Results: Based on the various adherence scores, we divided our sample into fifths. Based on these divisions and
with the exception of a single instance, our results show a significant trend: self-reported health declines with de-
clining adherence to official dietary guidelines. This trend was even significant when controlling for a large num-
ber of potential confounders. Conclusions: This study shows that consumption of a healthy and balanced diet, as
reflected in adherence to the Chinese Dietary Guidelines, is related to increased levels of overall health among

Shanghai residents.
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INTRODUCTION
Adherence to a whole healthy diet pattern rather than ana-
lysing the individual components of a diet is increasingly
becoming the state-of-the-art method for estimating the
health status of a given population.! Indeed, assessment
of single nutrients ignores important interactions between
diet components; more importantly, however, is that indi-
viduals never consume isolated nutrients. Observing a
diet, which adheres to some official dietary guideline, is
closely related to improved nutritional quality and closely
associated with an adequate intake of proteins, carbohy-
drates, vitamins, and minerals.>>

Conversely, poor adherence to dietary recommenda-
tions may cause nutrient imbalance.*® An unreasonable
diet structure is an important factor that may lead to in-
creasingly unhealthy conditions such as obesity, high
blood pressure, high cholesterol, diabetes, cancer, chronic
obstructive pulmonary disease, and even premature

death.”® According to the WHO, dietary factors contrib-
ute to human health by 14%; this is second only to genet-
ic factors (16%), and far more than medical factors
(7%).1° In addition, poor diets are associated with in-
creased incidence rates of anxiety, depression, and other
problems of mental health. Studies have shown that the
high fat and protein contents and the lack of essential
fatty acids, characteristic of typical Western diets, may be
causative of mental disorders.!® Unsurprisingly, the rela-
tionship between diet and overall quality of health is re-
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ceiving ever-increasing amounts of attention.

Given that dietary intake plays a role in energy balance,
with potential effects on obesity and several non-
communicable diseases (NCDs),'"!? there is a growing
interest in using indices of overall dietary quality to eval-
uate adherence to healthy and recommended balanced
diets.!®!*1 Scores reflecting overall diet quality can help
assess nutrient- and food-specific variables, providing
diet assessments that incorporate nutrient and food inter-
actions assumed to be biologically important.!?%-?? Diet-
quality indices provide a new tool for diet evaluation and
are more advantageous in resolving diet complexity than
traditional assessments of a single nutrients or food
groups.?? In China exists an index for diet-quality assess-
ment relative to the Chinese Dietary Guidelines, i.e.,
based on consumption recommendations within the main
food groups. In the present study, we refer to this index as
the Chinese Dietary Guidelines Adherence (CDGA) score.
The CDGA score was designed to assess under- and over-
nutrition as well as overall dietary balance, all of which
constitute risk factors for NCDs in the Chinese population,
which is currently witnessing rapid economic change.?

With the concept of health evaluation, more focus is
placed on combining internal and external—subjective
and objective—perspectives, rather than on a single as-
pect of the evaluation. Self-reported health (SRH) is a
method employed in the assessment of self-evaluated
health and is an important means for evaluating health
statuses.?*?” The SRH status may be multi-dimensional
and reflects respondents’ own view on their physical and
psychological health.!” It is an important supplement to
objective health observations or examinations, and it pro-
vides health data that traditional survey methods cannot
access.

Poor adherence to dietary guidelines has been associat-
ed with physical as well as mental disorders. However, no
studies have assessed the association of adherence to
CDGA with SRH. Thus, the purpose of this study was to
evaluate the relationship between SRH status and CDGA
score in the Shanghai Diet and Health Study (SDHS).

METHODS

Study design and recruitment

The SDHS is an ongoing open cohort that has existed
since 2012. The SDHS was designed and implemented by
the Chinese government to examine the nutritional status
and food contaminants in Shanghai, and to assess how
they affect human health. The aforementioned rapid eco-
nomic growth in Shanghai has introduced remarkable
variations in diets and eating habits that may influence
health outcomes. Cohort participants were recruited in a
multistage, stratified random sampling process aimed to
secure a representative sample of Shanghai inhabitants
aged 15 years or older. The megacity was stratified into
urban, fringe, and rural areas based on the ratio of non-
agricultural registered residents in sub-districts to those in
townships. Villages and townships within urban, fringe,
and rural areas were selected using the probability-
proportional-to-size sampling method. Neighbourhoods
were randomly selected in each village and town. Finally,
54 sites (villages and towns), including 162 neighbour-
hoods, were randomly selected from 229 sites. A total of

1944 subjects and their family members were recruited.
Data were collected in May—June 2012 (spring), August—
September 2013 (summer), November—December 2012
(fall), and January—February 2013 (winter).

The SDHS was approved by the Ethical Review Com-
mittee of Shanghai Municipal Center for Disease Control
and Prevention, with ethical approval number 2012-15.
All participants were fully informed of the study’s pur-
pose and procedures before enrolling, and they all signed
written consent forms.

Dietary data collection

In the SDHS, dietary assessment was based on a combi-
nation of data collected at the individual level, with food
inventory obtained at the household level. To collect in-
dividual dietary data, every household member was asked
to report all food consumed over the previous 24h for
three days (two working days and one weekend day)
whether at home or not. This was defined as the three-day
24h recall. Household consumption of condiments (e.g.
edible oils, salt, and sauces) was determined by weighing
all food consumed by the household over three consecu-
tive days. Three-day 24h recalls were performed on three
consecutive days to match the weighing. All purchases
and wasted condiments were also recorded. At the end of
the survey, all remaining condiments were weighed again.

Trained field interviewers recorded the types and
amounts of food consumed at each meal, using picture
aids and food location on the previous day. The amount
of food in each dish was estimated from the household
inventory; the proportion of each dish consumed was re-
ported by each participant.

Data quality control was ensured by field interviewers,
who were trained for at least three days in collecting die-
tary data. In case of outliers, the household and individu-
als in question were revisited to assess food consumption
and resolve discrepancies.

The food codes in the SDHS correspond to food names
in the Chinese Food Composition Table, and were used
for food-group classification.??728 Total intake for each
food group was determined. Cooking oil and salt intake
from household food consumption data were used to sup-
plement individual dietary data. Individual cooking oil
and salt consumption was calculated according to the
total amounts of oil and salt consumed in the household
divided by the proportions of energy consumed by each
of its members.?

CDGA score

The CDGA scoring system (from Chinese DBI-07 (re-
vised from the DBI-2002)) assesses the overall dietary
quality in the Chinese population. The CDGA scores con-
tains seven components from the Chinese Dietary Guide-
lines and Chinese Food Pagoda, including: (1) cereals; (2)
vegetables and fruits; (3) dairy products, and soybean and
related products; (4) animal source food; (5) condiments
and alcoholic beverages; (6) dietary variety; and (7)
drinking water.!%%

An overall score of zero reflects reaching or just ex-
ceeding the lowest recommended intake of all food
groups. Positive scores indicate over-intake relative to the
recommended level and are particularly important in the
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evaluation of condiments and alcoholic beverages, which
should be consumed in “reduced” or “limited” amounts,
as recommended by Chinese dietary guidelines. Negative
scores indicate deficient food intake and are particularly
important in the evaluation of vegetable, fruit, dairy-
product, soybean-product, and drinking-water intake, all
of which should be consumed in “abundant” or “suffi-
cient” amounts. Both ends of the scale are important in
assessing the intake of cereals and animal source foods,
both of which should be consumed in “appropriate”
amounts.

The CDGA scores can be further categorised into 12
food sub-groups and diet varieties, including: (1) rice and
related products; (2) wheat and related products; (3) corn,
coarse grains and related products, starchy roots and
products; 4) dark-colored vegetables; (5) light-colored
vegetables; (6) fruits; (7) soybean and related products; (8)
milk and dairy products; (9) red meat and meat products;
(10) poultry and game; (11) eggs; (12) fish and shellfish;
and (13) diet variety.

Sub-group scores of zero indicate having reached the
lowest recommended intake, and positive and negative
scores follow the same pattern as reported above for the
seven main food groups. The suggested lowest intake is 5
g/d for soybean and related products, and 25 g/d for the
other 11 food subgroups, based on Chinese Diet-Quality
Index (DQI) guidelines.!®® Other CDGA components
have been described in detail elsewhere,?*3%3! and scoring
details are found in Supplementary table 1.

By adding scores of all CDGA components, we calcu-
lated three indicators of dietary quality. Higher bound
score (HBS) assesses excessive food intake by adding all
positive scores. Lower bound score (LBS) assesses deficit
food intake by adding the absolute values of all negative
scores. Dietary quality distance (DQD) evaluates unbal-
anced food intake by adding the absolute values of both
positive and negative scores. The possible ranges of HBS,
LBS, and DQD are thus 0-32, 0-72, and 0-84, respective-
ly.10 The larger the HBS, LBS, or DQD values, the poor-
er diet quality; a score of 0 reflects optimal diet quality.10
Average HBS, LBS, and DQD scores were calculated in
the four different seasons to reflect diet quality all-year
round.

For each parameter the following scale was used: score
of 0, “excellent” dietary intake (no problem); score <20%
of maximum score, “good” dietary intake (almost no
problem); between 20% and 40% of maximum score,
“acceptable” dietary intake (low level); between 40% and
60% of maximum score, “poor” dietary intake (moderate
level); >60% of maximum score, “very poor” dietary in-
take (high level).!?

Self-reported health

Self-reported general-health statuses is frequently used in
epidemiological surveys and constitutes an important
indicator for many health issues. The SDHS asked re-
spondents for their own overall assessment of their gen-
eral health using a single question (SQ health) as well as a
set of questions about health states in specific domains
(IRT health). The single question was answered using a
five-point Likert-type scale (very good, good, moderate,
bad, and very bad). Eight self-related health domains (af-

fection, mobility, sleep/energy, cognition, interpersonal
activities, vision, self-care, and pain) were assessed.

The composite health score was calculated based on
Item Response Theory, using the Rasch model."""* IRT
health ranges from zero to 100; the higher the score, the
better the health status.

Assessment of other variables

Height and weight were measured directly by trained
health workers, as recommended by the WHO.!* Age
groups were divided into three categories (15-44, 45-59,
and >60 years). Marital status was divided into two cate-
gories (married and other marital status), based on five
categories in the questionnaire. Occupation status was
grouped into three levels (professional job, labour job,
and other). Years of education level was distributed into
four categories (<6 years, 7-9 years, 10—12 years, and
>12 years). Smoking and drinking statuses were catego-
rised dichotomously (No/Yes). BMI was divided into four
categorical levels, based on recommendations from the
Working Group on Obesity in China: normal (18.5-23.9
kg/m?); overweight (24.0-27.9 kg/m?); obese (>28.0
kg/m?); and underweight (<18.5 kg/m?). Participants were
divided into three residency groups according to location
(urban, suburban, and rural). Family income was divided
into four levels (<20,000 RMB/person, 20,000-50,000
RMB/person, >50,000 RMB/person, and not reported
income).

Statistical analyses

Means and standard deviations (SDs) were used to assess
CDGA scores for each food group, as these data were
normally distributed. Medians and ranges were used for
non-normally distributed parameters. The Chi-square test
was used to assess the distribution of self-reported health
for different diet-quality levels. Three multiple linear re-
gression models were employed to evaluate the relation-
ship between diet quality and self-reported health. Model
1 adjusted age and sex, Model 2 additionally adjusted for
marriage status, occupation, income, residency, and dis-
ease status, and Model 3 was a full model, adding smok-
ing and drinking statuses to Model 2. Tests for linear
trends (p for trend) were determined by treating quintiles
as continuous variables (i.e., 1-5), with the same model
analyses conducted. A significance level of 5% (0=0.05)
was employed throughout the study, and data were ana-
lysed using SAS 9.3 (SAS, Cary, NC, USA) (Figure 1).

RESULTS

Characteristic of study participants

Table 1 shows the characteristics of residents according
to CDGA scores fifths. The DQD in the lowest (healthiest
diet) was 26.8 in median, ranging from 2.0 to 31.0; in the
second, third, fourth, and highest (less healthy diet) fifths,
median values of 34.0 (31.3 to 36.7), 39.0 (36.8 to 41.0),
43.3 (41.3 to 45.8) and 49.5 (46.0 to 68.0). The medians
and ranges of LBS in the lowest (healthiest diet) and
highest fifths were 21.3 (2.0 to 30.3) and 40.5 (26.8 to
66.0), respectively. The median HBS in the lowest
(healthiest diet) and highest fifths were 5.0 (0.0 to 14.0)
and 9.5 (0.0 to 23.0), respectively. Ages (mean+SD) from
lowest to highest fifth were 50.5+16.9, 49.6+16.9,
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Diet quality

—

Chi-square test

3 multiple linear
regressions

Overall health

—

DQD: evaluates unbalanced
food intake by adding the
absolute values of both
positive and negative scores.

Chinese Dietary
Guidelines
Adherence Score

HBS:assesses excessive food
intake by adding all positive sc
ores.

LBS:assesses deficit food intake
by adding the absolute values
of all negative scores.

ﬁ

IRT health: a score reflecting
the overall health of eight self-
related health domains.

o

Self-reported
health

Single variable:The single
question was answered using a fi
ve-point Likert-type scale (very g

ood, good, moderate, bad, and
very bad).

Figure 1. Conceptual diagram for study design (HBS, Higher bound score, LBS, Lower bound score; DQD, Dietary quality distance;

IRT, Item Response Theory)

48.2+17.5, 51.5+17.4, and 53.4+17.2, respectively. Mean
IRT health score declined with increasing DBI score,
from lowest to highest fifth (80.0+18.3, 78.6=SD18.4,
77.7£18.6, 76.0£19.6 and 74.0+20.1, respectively. The
percentage of self-reported bad and very bad health
among the participants increased with the CDGA scores.
BMI values from lowest to highest fifth were 23.3+2.8,
23.4+2.9, 23.4+3.1, 23.843.0 and 23.7+3.0, respectively.
As for gender, percentages of male in the lowest and
highest fifths were 41.4% and 59.1%, respectively. The
distributions of the marital status, education level, occu-
pation, family income, smoking and drinking, residency
and disease conditions across different diet groups are
presented in Table 1.

CDGA scores and self-reported health (IRT-health)

The self-reported health (IRT-health) status was inversely
associated with the CDGA scores in Model 1 after ad-
justment with age and sex. The standard coefficient for
the second fifth compared with the lowest fifth of DQD
scores was -2.24 (95% confidence interval [CI] -3.76 to -
0.73); the values for the third, fourth and highest fifths
compared with the lowest fifth of DQD scores were -4.17
(95% CI -5.68 to -2.65), -3.99 (95% CI -5.52 to -2.47)
and -5.65 (95% CI -7.15 to -4.14), respectively (all p for
trend <0.0001). According to the LBS index, the coeffi-
cient for the highest fifth of CDGA scores compared with
the lowest fifth was -5.75 (95% CI -7.25 to -4.26; p for
trend <0.001) in Model 1. As for the HBS index, the coef-
ficient for the highest fifth of CDGA scores compared
with the lowest fifth was -0.84 (95% CI -2.54 to 0.87, p
for trend=0.3202). After adjustment for age, sex, marital
status, occupation, income, residency and disease status
(Model 2, Table 2), the ratio was more than two times
higher in participants who ate the least healthy diet ac-
cording to DQD scores (highest fifth) compared with
those consuming the healthiest diet (lowest fifth). The

multivariable ratios were -2.37 (-4.10 to -0.63, p for
trend=0.0103) in DQD, -2.95 (-4.58 to -1.31, p for trend
<0.001) in LBS and -2.98 (-4.72 to -1.25, p for trend
<0.001) in Model 2. After subsequent adjustment for
smoking and drinking statuses, the coefficient for the
highest fifth of DQD scores compared with the lowest
fifth was -2.88 (-4.67 to-1.09, p for trend=0.0036). Ac-
cording to the LBS index, the coefficient for the highest
fifth of LBS scores compared with the lowest fifth was -
3.18 (-4.87 to-1.49; p for trend <0.0001). As for the HBS
index, the coefficient for the highest fifth of DQD scores
compared with the lowest fifth was -2.49 (4.28 to 0.70; p
for trend=0.0014).

Subgroups analyses

According to subgroups analysis of IRT score differences,
in various age groups, the trend was apparent among par-
ticipants aged >60 years. The coefficient for the highest
fifth of CDGA scores compared with the lowest fifth was
-8.1 (95% CI -11.20 to -4.98; p for trend <0.0001). When
stratified by gender, the correlation was statistically sig-
nificant in females, but not in males. By disease status, a
statistically significant correlation was found in diseased
individuals, but not in the healthy population (Figure 2).

CDGA scores and self-reported health (single variable)
As is showing in the Table 3, a statistically significant
relationship was obtained between diet quality and single
variable self-reported health (p=0.02 for DQD, p=0.0984
for LBS and p=0.0011 for HBS).

Discussion

In this cross-sectional analysis of 4487 residents in
Shanghai, China, we found that lower CDGA scores,
reflecting closer adherence to official public dietary
guidelines, were associated with higher self-reported
health, as measured using a compound as well as a single-
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Table 1. Characteristics of study participants grouped by CDGA-scores

. Lowest fifth Second fifth Third fifth Fourth fifth Highest fifth
Characteristic (healthiest diet) (n=890) (n=902) (n=880) (least healthy
(n=888) diet) (n=927)
Diet scores
DQD, median (range) 26.75 34.00 39.00 43.25 49.50
(2.00-31.00) (31.25-36.67) (36.75-41.00) (41.25-45.75) (46.00-68.00)
LBS, median (range) 21.25 27.75 32.00 35.75 40.50
(2.00-30.25) (13.50-36.00) (14.00-40.00) (24.25-44.75) (26.75-66.00)
HBS, median (range) 5.00 6.00 7.00 7.50 9.50
(0.00-14.00) (0.00-22.00) (0.00-25.50) (0.00-21.50) (0.00-23.00)
Years of age, mean (SD) 50.5(16.9) 49.6 (16.9) 48.2 (17.5) 51.5(17.4) 53.4(17.2)
IRT health, mean (SD) 80.0(18.3) 78.6 (18.4) 77.7 (18.6) 76.0 (19.6) 74.0 (20.1)
SQ health, n (%)
Very good 281 (31.6) 260 (29.2) 301 (33.4) 283 (32.2) 325 (35.1)
Good 346 (39.0) 343 (38.5) 335(37.1) 337 (38.3) 295 (31.8)
Moderate 234 (26.4) 258 (29.0) 226 (25.1) 213 (24.2) 254 (27.4)
Bad 27 (3.0) 28 (3.1) 36 (4.0) 39 (4.4) 49 (5.3)
Very bad 0 (0.0) 1(0.1) 4(0.4) 8(0.9) 4(0.4)
BMI, kg/m?, mean (SD) 23.3(2.8) 23.4(2.9) 23.4(3.1) 23.8(3.0) 23.7(3.0)
Sex, n (%)
Men 368 (41.4) 392 (44.0) 447 (49.6) 450 (51.1) 548 (59.1)
Women 520 (58.6) 498 (56.0) 455 (50.4) 430 (48.9) 379 (40.9)
Marital Status, n (%)
Married 676 (76.1) 712 (80.0) 698 (77.4) 719 (81.7) 761 (82.1)
Other marital status 212 (23.9) 178 (20.0) 204 (22.6) 161 (18.3) 166 (17.9)
Years of education, n (%)
<6 75 (8.4) 115 (12.9) 159 (17.6) 245 (27.8) 371 (40.0)
7-9 219 (24.7) 256 (28.8) 282 (31.3) 297 (33.8) 304 (32.8)
10-12 274 (30.9) 257 (28.9) 227 (25.2) 187 (21.3) 148 (16.0)
>12 320 (36.0) 262 (29.4) 234 (25.9) 151 (17.2) 104 (11.2)
Occupation, n (%)
Professional job 262 (29.5) 212 (23.8) 230 (25.5) 186 (21.1) 132 (14.2)
Labor job 17 (1.9) 65 (7.3) 79 (8.8) 103 (11.7) 226 (24.4)
Others 609 (68.6) 613 (68.9) 593 (65.7) 591 (67.2) 569 (61.4)
Family income, n (%)
<20000 RMB/person 88(9.9) 64 (7.2) 43 (4.8) 45 (5.1) 43 (4.6)
20000-50000
RMB/person 181 (20.4) 192 (21.6) 273 (30.3) 340 (38.6) 440 (47.5)
>50000 RMB/person 170 (19.1) 223 (25.1) 209 (23.2) 216 (24.5) 228 (24.6)
Non-reported 411 (46.2) 377 (41.8) 279 (31.7) 216 (23.3)
Smoker, n (%)
No 748 (84.2) 731 (82.1) 690 (76.5) 634 (72.0) 597 (64.4)
Yes 140 (15.8) 159 (17.9) 212 (23.5) 246 (28.0) 330 (35.6)
Drinker, n (%)
No 61(6.9) 57 (6.4) 50 (5.5) 45 (5.1) 33(3.6)
Yes 702 (79.1) 702 (78.9) 695 (77.1) 683 (77.6) 637 (68.7)
Non-reported 125 (14.1) 131 (14.7) 157 (17.4) 152 (17.3) 257 (27.7)
Region, n (%)
Urban 760 (85.6) 568 (63.8) 404 (44.8) 263 (29.9) 179 (19.3)
Suburban 102 (11.5) 246 (27.6) 328 (36.4) 332 (37.7) 186 (20.1)
Rural 26 (2.9) 76 (8.5) 170 (18.8) 285 (32.4) 562 (60.6)
Disease, n (%)
No 577 (65.0) 560 (62.9) 604 (67.0) 539 (61.3) 562 (60.6)
Yes 311 (35.0) 330 (37.1) 298 (33.0) 341 (38.8) 365 (39.4)

CDGA-scores: the Chinese Dietary Guidelines Adherence (CDGA) score, CDGA score was designed to assess under-and over-nutrition
as well as overall dietary balance, all of which constitute risk factors for NCDs in the Chinese population; DQD: Dietary quality distance,
DQD evaluates unbalanced food intake by adding the absolute values of both positive and negative scores; LBS: Lower bound score,
LBS assesses deficit food intake by adding the absolute values of all negative scores; SQ: single question, which collects the data of re-
spondents for their own overall assessment of their general health; IRT: In specific domains, which collects the data of respondents about
health states in specific domains; BMI: Body Mass Index; SD: Standard deviation
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Table 2. Association of CDGA scores with self-reported heath
CDGA scores Model 17 Model 2} Model 3%
Coef. (95% CI) p-value Coef. (95% CI) p-value Coef. (95% CI) p-value
DQD
Lowest fifth 0.00 (referent) 0.00 (referent) 0.00 (referent)
Second fifth  -2.24 (-3.76, -0.73) 0.0037 -1.42 (-2.92, 0.07) 0.0618 -1.79 (-3.34,-0.24)  0.0234
Third fifth -4.17 (-5.68, -2.65) <0.0001 -2.81(-4.35, -1.27) 0.0003 -3.04 (-4.63, -1.45)  0.0002
Fourth fifth -3.99 (-5.52, -2.47) <0.0001 -1.85 (-3.46, -0.23) 0.0250 -2.14 (-3.81,-0.47)  0.0119
Highest fifth = -5.65 (-7.15, -4.14) <0.0001 -2.37 (-4.10, -0.63) 0.0075 -2.88 (-4.67,-1.09)  0.0016
p for Trend <0.0001 0.0103 0.0036
LBS
Lowest fifth 0.00 (referent) 0.00 (referent) 0.00 (referent)
Second fifth  -2.71 (-4.22, -1.21) 0.0004 -1.91 (-3.39, -0.42) 0.0118 -1.90 (-3.43,-0.36)  0.0158
Third fifth -2.43 (-3.93, -0.93) 0.0015 -0.91 (-2.43, 0.61) 0.2423 -0.93 (-2.50, 0.65) 0.2482
Fourth fifth -5.41 (-6.93, -3.88) <0.0001 -3.52(-5.11,-1.93)  <0.0001 -3.48 (-5.13, -1.84)  <0.0001
Highest fifthT  -5.75 (-7.25, -4.26) <0.0001 -2.95 (-4.58, -1.31) 0.0004 -3.18 (-4.87,-1.49)  0.0002
p for Trend <0.0001 0.0001 <0.0001
HBS
Lowest fifth 0.00 (referent) 0.00 (referent) 0.00 (referent)
Second fifth ~ -1.26 (-2.88, 0.35) 0.1257 -1.14 (-2.71, 0.42) 0.1511 -0.88 (-2.49, 0.72) 0.281
Third fifth -1.42 (-3.09, 0.25) 0.0959 -1.79 (-3.41, -0.17) 0.0301 -1.42 (-3.08, 0.25) 0.0949
Fourth fifth -1.89 (-3.53, -0.24) 0.0244 -2.74 (-4.35, -1.13) 0.0009 -2.33(-3.99,-0.67)  0.0059
Highest fifthT  -0.84 (-2.54, 0.87) 0.3374 -2.98 (-4.72, -1.25) 0.0008 -2.49 (-4.28,-0.70)  0.0063
p for Trend 0.3202 0.0001 0.0014

CDGA-scores: the Chinese Dietary Guidelines Adherence (CDGA) score, The CDGA score was designed to assess under-and over-
nutrition as well as overall dietary balance, all of which constitute risk factors for NCDs in the Chinese population; DQD: Dietary quality
distance, DQD evaluates unbalanced food intake by adding the absolute values of both positive and negative scores; LBS: Lower bound
score, LBS assesses deficit food intake by adding the absolute values of all negative scores; HBS: Higher bound score , HBS assesses

excessive food intake by adding all positive scores.
"Model 1 adjusted for age and sex.

*Model 2 adjusted for age, sex, marital status, occupation, income, residency, and disease status.
$Model 3 adjusted for age, sex, marital status, occupation, income, residency, disease status, smoking status, and drinking status.
TLowest fifth corresponds to the healthiest diet; highest fifth corresponds to the least healthy diet according to CDGA scores.

question approach. This association was consistent among
individuals above 60 years of age, females, and sick peo-
ple, after adjustment for several potential confounders.
These basic findings extend the relevance dietary scoring
to overall health assessment rather than considering it
assessing a single aspect of health only, and they also
support the importance of diet in health.

The Chinese Dietary Guidelines were proclaimed by
the Chinese Nutrition Society and Ministry of Health in
2007 and again in 2016. The guidelines aim to help the
population keep a balanced diet and have been especially
relevant during recent nutritional transitions to more
westernised diets.’>33 Similarly to Dietary Approaches to
Stop Hypertension, they recommend consumption of
plenty of grains, vegetables, fruits, dairy products, and
soy foods, appropriate amounts of fish, poultry, eggs, and
lean meats, and limited amounts of fat and salt.'° Dietary
habits constitute a potential risk factor, affecting physical
and psychosocial health, which, in turn, may influence
overall health status.

Currently, a rise in the diet-related burden due to NCDs
is happening nearly worldwide.3* High-quality diet reduc-
es mortality and disability.’> It has been reported that
greater adherence to a Mediterranean diet, which is wide-
ly considered a model of healthy eating for its contribu-
tion to a favourable health status and a better quality of
life, is associated with significantly improved health.
Mediterranean diets are associated with significant reduc-
tions in overall mortality, mortality from cardiovascular
disease (CVD), cancer incidence and mortality, and inci-

dence of Parkinson’s and Alzheimer’s disease.' Closer
adherence to Japanese dietary guidelines is also associat-
ed with reduced risk of total mortality, mortality from
CVD, particularly from cerebrovascular disease, in Japa-
nese adults.*® Likewise, greater compliance with Chinese
or US dietary guidelines is associated with lower overall
mortality in Chinese adults. Favourable associations are
more evident in men than in women and more consistent
in relation to cardiometabolic than to cancer mortality.>’
Adherence to recommended diets is also associated
with better mental health. Indeed, high-quality diets are
associated with reduced verbal-memory decline compared
with their lower-quality equals; adherence to Mediterra-
nean diet is similarly associated with relatively slower
memory decline. These associations remain significant
after adjustment for a number of covariates.'” Adherence
to the Mediterranean diet is related to better self-
perceived mental and physical health functions, after con-
trolling for confounding factors such as age, smoking,
BMI, alcohol consumption, educational level, leisure-
time physical activity, and the presence of chronic condi-
tions.*® Following a healthy diet is significantly associat-
ed with better emotional health, and following an un-
healthy with greater emotional distress, after controlling
for age, ethnicity, and gender. In addition and inde-
pendently of each other, healthy and unhealthy eating
scales have been associated with mental health in socially
disadvantaged New Zealand adolescents.** Poor nutrition
may also contributes to the pathogenesis of depression,
with data supporting a relationship between the disorder
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Mean difference Mean Lower  Upper
Subgroups and 95% Cl difference limit _ limit  Z-value p-value
Age groups
15-44y
Q2vsQ1 —{ 2107 -4536 0322 -1.700 0.089
Q3vs Q1 — -4.164 -8596 -1.733 -3.357  0.001
Q4vs Q1 —{— 2420 -5085 0244 -1.780 0.075
Q5 vs Q1 —_— -0.399 -3.241 2443 -0275 0.783
45-60y
Q2vsQ —LH— -0.900 -3651 1.850 -0.842 0.521
Q3vsQ 0445 -3319 2428 -0304 0.781
Q4vs Q1 0.077 -2.928 3.082 0050 0.960
Q5vsQ1 -0.263 -3535 3008 -0.158 0.875
>60y
Q2vs Q1 —{ -2.083 -4868 0703 -1465 0.143
Q3vs Q1 — -4.208 -7.151 -1.265 -2.802  0.005
Q4vs Q1 —{}— 4392 -7.324 1460 -2.936  0.003
Qs5vsQl  —{}— -8.107 -11.233 -4981 -5083  0.000
Sex
Male
Q2vs Q1 —{ 2140 -4552 0272 -1.739  0.082
Q3vs 01 —1— -3.208 -5596 -0.819 -2.632  0.008
Q4vs Q1 —{— -0.796 -3.267 1675 -0.631 0.528
Q5vs Q1 —{ .2.388 -4.978 0203 -1.807 0.071
Female
Q2vsQ1 —A -1.467 -3.490 0557 -1.421  0.155
Q3vsQl — -2.700 -4852 -0548 -2459 0.014
Q4vsQl —{ ]} -3.307 -5.597 -1.017 -2.830 0.005
Q5vs Q1 —— -3.526 -6.027 -1.025 -2.763  0.006
Disease condition
Non-disease population
Q2vs Q1 —{H -1.200 -3.152 0752 -1.205 0.228
Q3vsQ1 —— 2370 -4.332 -0408 -2387 0.018
Q4vs Q1 T -1.200 -3.297 0.887 -1.122 0.262
Q5vs Q1 —{ -1.760 -4.022 0502 -1.525 0.127
Disease ]populatlon
Q2vsQ 4390 -7.091 -1.689 -3.185  0.001
Q3vsQ1 —{— -3.830 -6.581 -1.079 -2.728 0.006
Q4vs Q1 —{— -4.900 -7.816 -1.984 -3294  0.001
Q5vs Q1 —{— -4.390 -7.850 -0.830 -2486 0.013
-12.00 -6.00 0.00 6.00 12.00

Differences of IRThealth score

Figure 2. Subgroup analysis for the IRT-health scores.

and poor essential fatty acid and folic acid statuses; there
is even a high likelihood that these nutrients may be used
for depression treatment or boosting of existing or ongo-
ing treatments. Other nutrients, including dietary antioxi-
dants and certain trace elements, have not undergone the
same rigorous scrutiny, but several have strong biological
potentials in affecting brain function and thus modulating
emotions. Results from the Australian National Nutrition
and Health Surveys have indicated that food groups as
well as fatty acids are associated with mood or emo-
tions.*’ In individuals consuming typical western diets,
deficiency in discrete nutrients with known effects on
mental health is relatively common.'°

The findings of the present study support previous con-
clusions that adherence to recommended dietary patterns
may significantly improve overall health and that diet-
quality evaluation may constitute an important means for
assessing health, physically as well as psychologically.

Results of our subgroup analyses showed a significant-
ly decreasing trend of overall health with elevated DBI in

women, people above the age of 60, and sick individuals,
but not in men, individuals below 60 years old or healthy.
We speculate that men and young people may adhere less
to recommended diets or pay less attention to their guide-
lines.*! Additionally, middle-aged men are the primary
providers in Chinese families, which puts them under
relatively more pressure, among other things due to se-
vere competition for promotions and high dependence
from their children and parents. Such individuals tend to
have an unhealthy lifestyle.

Strengths and limitations

This study is significant in that it is the first of its kind to
assess associations between indicators of dietary adher-
ence and overall health in a large Chinese sample. We
used three compound CDGA-related scores to assess the
dietary quality of participants. Unlike previous studies,
we evaluated the relationship between diet quality and
overall health, underlining the CDGA scores as important
indices in assessing physical as well as mental health. The
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Table 3. Association of CDGA scores with self reported health

CDGA scores SQ health CMH p-value
Very good Good Moderate Bad Very bad chi-square
DQD
Lowest fifth 281(19.4)  346(20.9) 234(19.7) 27(15.1) 0 (0.0) 4.944 0.0262
Second fifth 260 (17.9)  343(20.7) 258 (21.8) 28 (15.6) 1(5.9)
Third fifth 301(20.8) 335(20.2) 226(19.1) 36(20.1) 4(23.5)
Fourth fifth 283 (19.5)  337(204) 213(18.0) 39(21.8) 8(47.1)
Highest fifth 325(22.4) 295(17.8) 254(21.4) 49(274) 4(23.5)
LBS
Lowest fifth 287(19.8)  353(21.3) 230(19.4) 28 (15.6) 0 (0.0) 2.732 0.0984
Second fifth 279 (19.2)  338(20.4) 249(21.0) 26 (14.5) 0 (0.0)
Third fifth 290 (20.0)  351(21.2) 232(19.6) 30(16.8) 5(29.4)
Fourth fifth 279 (19.2) 302 (18.2)  234(19.7) 35(19.6) 6(35.3)
Highest fifth 315(21.7)  312(18.8)  240(20.3) 60(33.5) 6(35.3)
HBS
Lowest fifth 219 (15.1) 193 (11.7) 193 (16.3) 50(27.9) 5(29.4) 10.606 0.0011
Second fifth 295(20.3)  392(23.7) 278(23.5) 36(20.1) 5(29.4)
Third fifth 269 (18.6) 349 (21.1)  225(19.0) 27(15.1) 2(11.8)
Fourth fifth 321(22.1)  394(23.8) 257(21.7) 35(19.6) 2(11.8)
Highest fifth' 346 (23.9) 328(19.8) 232(19.6) 31(17.3) 3(17.6)

CDGA-scores: the Chinese Dietary Guidelines Adherence (CDGA) score, The CDGA score was designed to assess under-and over-
nutrition as well as overall dietary balance, all of which constitute risk factors for NCDs in the Chinese population; DQD: Dietary quality
distance , DQD evaluates unbalanced food intake by adding the absolute values of both positive and negative scores; LBS: Lower bound
score, LBS assesses deficit food intake by adding the absolute values of all negative scores; HBS: Higher bound score , HBS assesses
excessive food intake by adding all positive scores; SQ: single question, which collects the data of respondents for their own overall as-
sessment of their general health; CMH: Cochran—Mantel-Haenszel statistics, CMH is a test used in the analysis of stratified or matched

categorical data.

fLowest fifth corresponds to the healthiest diet; highest fifth corresponds to the least healthy diet according to CDGA scores.

current findings provide more evidence in favour of the
benefits of adhering to the Chinese Dietary Guidelines to
overall health. The size, stability, and representativeness
of our sample makes us confident in our findings.

The present study also had several limitations, however,
primarily because of its cross-sectional design. We also
recognize that our findings should be generalized to the
Chinese population as a whole with caution; differences
in health awareness, socioeconomic status, and lifestyle
might differ significantly between the general population
and the study sample. Future studies should employ a
longitudinal approach to assess actual causal relationships
between diet quality and overall health.
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Supplementary table 1. Components of the CDGA index

Intake range by intake level(kJ)

Components Score Subgroup Score 6700 7550 8350 9200 10050 10900
Cl1-Cereals (-12)—12 Cereals (-12)—12¢ 0~49=-8 0~25 g=-10 <25 g=-12 <25 g=-12 <75 g=-12 -12<125 g=-12
200-250 g=0 225~275 g=0 275~325 g=0 275~325 g=0 325~375 g=0 375~425 g=0
>500 g=12 >525 g=12 >575 g=12 >575 g=12 >625 g=12 >675 g=12
C2-Vegetables and (-12)—0 Vegetable (-6)—0 >300 g=0 >350 g=0 >400 g=0 >450 g=0 >500 g=0
Fruits 150~299 g=-2 175~249 g=-2 200~399 g=-2 225~449 g=-2 250~499 g=-2
1~149 g=-4 1~175 g=-4 1~199 g=-4 1~225 g=-4 1~249 g=-4
0 g=6 0 g=-6 0 g=-6 0g=-6 0 g=-6
Fruits (-6)—0 >200 g=0 >300 g=0 >400 g=0
100~199 g=-2 150~299 g=-2 200~399 g=-2
1~99 g=-4 1~149 g=-4 1~199 g=-4
0 g=-6 0 g=-6 0g=-6
C3-Milk and dairy (-12)—0 Dairy (-6)—0 > 300 g=0, score decreased 1 with
products,Soybean and intake amount decreased 50 g
soybean products Soybean (-6)—0 >30 g=0, 15~29 g=-2 >40 g=0, 20~39 g=-2 >50 g=0, 2
1~14 g=-4, 0 g=-6 1~19 g=-4,0 g=-6 5~49 g=-2
1~24 g=-4, 0 g=-6
C4-Animal food (-12)—(-8)  Red meat, (-9H)—4 0 g=4, 0g=4
products, 1~25 g==2 1~50 g=-2
Poultry and 25-75 g=0 50~100 g=0
game 75~125 g=2 101~150 g=2
>125 g over=4 >150 g=4
Fish,and shrimp  (-4)—0 <20 g=4 <30 g=4 <40 g=-4
20~29 g=-3 30~44 g=3 40~59 g=-3
30~39 g=2 45~59 g=-2 60~79 g=-2
40~49 g=-1 60~74 g=-1 80~99 g=-1
>50 g=0 >75 g=0 >100 g=0
Egg -4—4 >75 g=4 51~75 g=2 25~50 g=0 1~24 g=-2 0 g=-4

TCereal include rice, wheat, dried legumes (exclude soybean) and tubers. Intake amount means fresh amount. Sweet potato: intake amount divided by 3; potato: intake amount divided by 4; yam and yambean:

divided by 6.

iScore increased (decreased) 2 with 50g intake increased (decreased) from 0 to maximal (minimal) score.
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Supplementary table 1. Components of the CDGA index (cont.)

Intake range by intake level(kJ)

Components Score Subgroup Score

6700 7550 8350 9200 10050 10900 11700
C5-Condiments and 0—12 Cooking oil 0—4 <25 g=026~50 g=2 >50 g=4 <30 g=0 30~60 g=2 >60 g=4
alcoholic beverage Salt 0—4 <6 g=07~12 g=2 >12 g=4
Alcohol Beverage 0—4 Male: <25 g=0, 26~50 g=1, 51~75 g=2, 76-100 g=3, >100 g=4
(25 g alcohol=750 ml beer or 250 ml wine or 75 g liquor (<38°) or 50 g liquor (> 38°)
Female: <15 g=0,15~30 g=1, 31~45 g=2, 46~60 g=3, >60 g=4
(15 g alcohol=450ml beer or 150 ml wine or 50 g liquor(38°) or 30 g liquor (> 38°)
C6-Diet variety (-12)—0 Diet variety (-12)—0 For consumption of greater than 25 g of foods (soybean is 5 g), otherwise score is -1
C7-Drinking water (-12)—0 Drinking water (-12)—0 > 1200 ml=0, <100 ml=-12; score decreased 1 with intake amount decreased 100ml from 0 to 12

TCereal include rice, wheat, dried legumes (exclude soybean) and tubers. Intake amount means fresh amount. Sweet potato: intake amount divided by 3; potato: intake amount divided by 4; yam and yambean:
divided by 6.
iScore increased (decreased) 2 with 50g intake increased (decreased) from 0 to maximal (minimal) score.



