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Summary
What is already known about this topic?
Consuming  refined  grains,  specifically  white  rice,
elevates  the  risk  of  developing  type  2  diabetes  (T2D).
Conversely, incorporating whole grains into the diet is
linked to a reduced risk.
What is added by this report?
This study employed a novel multi-trajectory modeling
technique  to  account  for  the  intercorrelations  among
various  cereal  consumption  patterns.  Four  distinct
multi-trajectory groups of cereal intake, identified from
1997  to  2018  within  the  Chinese population,  were
associated with varying levels of T2D
risk.
What  are  the  implications  for  public  health
practice?
This  research  investigates  the  implications  of  evolving
cereal  consumption  patterns  on  T2D  in  nondiabetic
adults.  This  study delineates  unique trajectories  linked
with cereal  intake patterns,  thereby providing a  robust
foundation  for  policymakers  to  craft  initiatives  to
prevent T2D among adults in China.

 

An  in-depth  analysis  of  the  correlation  between
cereal consumption and type 2 diabetes (T2D) risk has
significant  implications  for  public  health,  particularly
in  nations  where  staples  include  white  rice  and  wheat
products  and  where  the  incidence  of  T2D  is  rising.
Dietary cereal intake in China is dynamic and changes
over  time.  Thus  far,  no  longitudinal  study  has  been
conducted  to  identify  trajectories  of  cereal  intake
within  the  Chinese  population  or  to  investigate  the
secular  trend  of  cereal  consumption  with  T2D  risk.
This  study  incorporated  data  from  4,464  adults  18
years  and above,  sourced from seven distinct  waves  of
the China Health and Nutrition Survey (CHNS) from
1997  to  2018.  A  group-centric  multi-trajectory
modeling  approach  was  employed  to  discern  cereal-
intake  trajectories  (individual  trajectories  for  rice,

wheat, and other grains intake and multi-trajectories of
overall  cereal-intake  patterns)  across  21  years.  To
examine  the  correlation  between  cereal  intake  and
T2D  risk,  multivariate  Cox  proportional  hazard  and
restricted  cubic  spline  (RCS)  models  were  employed.
Four  distinct  multi-trajectory  groups  of  cereal  intake,
identified  from  1997  to  2018  within  the  Chinese
population, were associated with varying levels of T2D
risk.  Compared  to  the  group  with  “balanced  cereal
intake”, a higher subsequent risk of T2D was noted in
the  group  with  “high  white  rice  intake  without  other
grains”.  Notably,  daily  intakes  of  white  rice  exceeding
240  grams  for  men  and  280  grams  for  women  could
potentially  act  as  threshold  points  for  T2D
development.

T2D  continues  to  pose  a  significant  public  health
issue  worldwide.  In  the  past  few  decades,  China  has
witnessed an incremental rise in T2D prevalence, with
an  adult  ratio  of  11.2%  between  2015  and  2017,
exemplifying  a  stark  public  health  quandary  (1).
Previous  epidemiological  studies  have  suggested  an
increased  risk  of  T2D linked  with  consuming  refined
grains,  such  as  white  rice.  In  contrast,  whole  grains
pose  a  reduced  risk  (2–5).  However,  these  studies
primarily used single time point assessments for dietary
exposure.

Moreover, dietary data were either partially available
or  absent  in  each  follow-up  round.  Limited  studies
have explored the potential impact of long-term cereal
intake  trends  and  their  subsequent  changes  while
considering  the  heterogeneity  of  the  population.
Traditional  Chinese  grain  classifications  typically
comprise  rice,  wheat,  and  other  grain  varieties.
Understanding  the  long-term  intake  trajectories  of
these specific cereal subtypes is crucial for assessing the
risk  of  T2D,  especially  in  a  nation  like  China  where
cereals  contribute  to  nearly  half  of  the  total  energy
intake and T2D incidence is rapidly rising.

The  present  analysis  uses  data  from  seven  waves
(1997  to  2018)  of  the  CHNS.  An  exploration  of  the
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long-term  trajectories  of  cereal  intake  was  conducted,
designating the period from 1997 to 2018 as the “track
identification period.” A potential confounder, changes
in  diet  following  the  development  of  T2D,  was
mitigated  by  using  dietary  information  obtained  prior
to  the  diagnosis  of  T2D  in  prospective  analyses.
However,  since  fasting  blood  samples  were  only
available from the waves of 2009, 2015, and 2018, our
cohort analysis on the association between cereal intake
and  incident  T2D  is  confined  to  these  three  waves,
termed the “survival analysis period.”

This study selected participants aged 18 years or over
who were  neither  pregnant  nor  breastfeeding  and had
participated  in  the  surveys  conducted  in  2009,  2015,
and  2018  (n=24,372).  Participants  with  insufficient
dietary data, abnormal daily energy intake, incomplete
blood  samples,  or  missing  demographic  information
were  excluded  from  the  selection.  Out  of  the
remaining  participants  (n=19,499),  those  who  were
involved in at least two follow-up waves from 2009 to
2018 and were not diagnosed with T2D upon initially
entering  the  “survival  analysis  period”  were  chosen
(n=8,886).  From  this  group,  participants  with  fewer
than three waves of available dietary data before being
diagnosed with T2D were discarded. The final analysis
also excluded individuals who reported having diabetes
in  the  survey  from  1997  to  2006  to  ensure  that  all
participants  were  non-diabetic  upon  commencement
of  the  “survival  analysis  period.”  Ultimately,  4,464
participants  were  included  in  the  final  analysis.
Supplementary Figure S1  (available  in  https://weekly.
chinacdc.cn/)  provides  a  flow  chart  that  depicts  the
participant selection process for the present study. The
survey  was  approved  by  the  institutional  review
committees of the National Institute for Nutrition and
Health,  Chinese  Center  for  Disease  Control  and
Prevention  (No.  201524),  and  the  informed  consent
forms were signed by all participants.

In  this  study,  food  consumption  data  was  gathered
via  three  consecutive  24-hour  dietary  recalls,  which
included  two  weekdays  and  one  weekend  day.  The
evaluation  of  cereal  intake  included  the  consumption
of rice, wheat, and other grains. “Rice” was defined as
white rice and its associated products, such as rice cakes
and  rice  noodles.  “Wheat”  was  categorized  as  refined
wheat and its products, including white bread, noodles,
and  mantou  (steamed  buns).  Lastly,  “other  grains”
encompassed  corn,  barley,  oats,  millet,  and  similar
grains.  The  average  per  capita  daily  intake  of  various
foods and nutrients and total energy intake (TEI) were
calculated,  using  the  China  Food  Composition  Table

as a reference (6).
Fasting  plasma  glucose  (FPG)  and  glycated

hemoglobin  A1c  (HbA1c)  were  measured  in  surveys
conducted  in  2009,  2015,  and  2018.  T2D  was
defined, in accordance with the diagnosis criteria set by
the World Health Organization and China’s guidelines
(7–8),  by  fulfilling  at  least  one  of  the  three  following
conditions: a) FPG ≥7.0 mmol/L; b) HbA1c ≥6.5%; c)
administration  of  diabetes  treatments,  such  as  oral
hypoglycemic medications or insulin injections.

A  population-based  multi-trajectory  model  was
applied  to  identify  multiple  consumption  trajectories
of  rice,  wheat,  and  others,  distinguishing  between
males  and  females  (9).  Multi-trajectory  modeling  was
executed  utilizing  a  STATA  plug-in,  employing  a
continuous  norming  distribution  for  continuous  data,
with follow-up years  serving as  the  timescale  for  these
trajectories.  The  selection  of  the  most  suitable  model
adhered  to  strict  statistical  criteria:  a)  Models  with  a
smaller Bayesian information criterion were regarded as
superior  fits;  b)  Each  trajectory  class  encompassed  at
least 2% of the sample population; c) Average posterior
probability  of  membership  within  each  group  with
values exceeding 0.7 served as an indicator of adequate
internal reliability; d) The odds of correct classification
within  each  group  were  ascertained,  with  a
recommended  minimum  ratio  of  5  to  1  per  group
(10).

The  risk  of  T2D  concerning  the  trajectories  was
evaluated  using  the  multivariate  Cox  proportional
hazards  regression  model.  Hazard  ratios  (HRs)  and
95%  confidence  intervals  (CIs)  were  calculated
accordingly. In the analysis, three models were created.
Model  1  did  not  account  for  any  covariates,  whereas
Model 2 included adjustments for lifestyle features and
demographic  characteristics.  Model  3  was  built  upon
Model 2 by adjusting for dietary factors such as initial
rice/wheat/other  grains  intake,  overall  energy  intake,
waist  circumference,  and  systolic  blood  pressure.  In  a
supplemental  analysis,  potential  dose-response
relationships  were  scrutinized  via  an  RCS.  The
relationship  between  continuous  variable  cereal  intake
and  T2D  risk  was  examined  here.  To  accurately
represent  the  participant’s  long-term  cereal
consumption,  the  cumulative  average  of  cereal  intake
was computed as a continuous variable, considering the
period  from the  participant’s  entry  into  the  cohort  to
the point immediately before their T2D diagnosis. All
analyses  were  conducted  using  SAS  (version  9.4,  SAS
Institute,  Inc.,  Cary,  NC,  USA),  Stata  15SE
(StataCorp,  College  Station,  TX,  USA),  and  R
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software  (R  Foundation  for  Statistical  Computing,
Vienna,  Austria).  Statistical  significance  was
determined by a P-value of less than 0.05.

The  analysis  encompassed  4,464  participants,
consisting of 2,044 males and 2,420 females, reflecting
a  fundamental  gender  balance.  The  mean  age,  with
standard  deviation  (SD),  was  42.23  (12.00)  for  males
and  43.02  (11.31)  for  females.  The  baseline
characteristics  of  the  participants  are  delineated  in
Supplementary Table S1  (available  in  https://weekly.
chinacdc.cn/).

Cereal  consumption  was  analyzed  by  gender.
Figure 1  illustrates  individual  trajectories  of  rice,
wheat,  and  other  grain  intake,  with  separate  plots  for
males (Figure 1A, C, E) and females (Figure 1B, D, F).
Four intake trajectories were identified in terms of rice
and  wheat  consumption  for  both  genders,  namely:
“low  stability”  (Group  1),  “normal  stability”  (Group
2),  “median  decrease”  (Group  3),  and  “high-level
decline”  (Group  4).  In  regards  to  other  grains,  three
intake  trajectories  were  noted  in  both  genders:  “no
intake”  (Group  1),  “low  increase”  (Group  2),  and
“moderate  fluctuation”  (Group  3).  Among  the  4,464
participants,  422  (9.45%)  developed  T2D  during
follow-up,  with  the  total  person-years  amounting  to
33,659.  In males,  lower T2D risk was associated with
other  grain  intake  trajectories  in  Groups  2  and  3  as
compared to Group 1, with an HR (95% CI)  of 0.60
(0.45–0.81)  for  Group  2  and  0.52  (0.33–0.84)  for
Group  3.  Similarly,  in  females,  lower  T2D  risk  was
associated with Group 3’s other grain intake trajectory
compared  to  Group  1  [HR=0.56  (0.34–0.90)].  See
Supplementary Table S2  (available  in  https://weekly.
chinacdc.cn/) for the Cox proportional hazards analysis
results  exploring  the  association  between  cereal  intake
trajectories and T2D risk in males and females.

Four  distinct  gender-specific  multi-trajectory
patterns of cereal consumption (rice, wheat, and other
grains)  were  identified  (Figure 2):  Group  1  (both
genders)  exhibited  a  decrease  in  very  high  rice  intake,
maintained  low  stable  wheat  intake,  and  exhibited
deficient  intake  of  other  grains.  Group  2  (both
genders)  showcased  a  decrease  in  high  rice  intake,
moderate  stable  wheat  intake,  and  deficient  intake  of
other  grains.  Group  3  (men)  and  Group  4  (women)
had  a  balanced  cereal  intake.  In  contrast,  Group  4
(men)  and  Group  3  (women)  displayed  very  low  rice
intake,  a  decrease  in high wheat  intake,  and moderate
intake of other grains.

In  female  Groups  1  and  2,  characterized  by  a  high
white  rice  intake without other  grains,  the HRs (95%

CIs)  for  T2D  were  1.70  (1.01–2.85)  and  1.56
(1.01–2.40), respectively, when compared with Group
4 (the “balanced cereal intake” group). Supplementary
Table S3  (available  in  https://weekly.chinacdc.cn/)
indicates the average rice, wheat, and other grain intake
among  the  different  multi-trajectory  groups  for  both
males  and  females  at  follow-up.  Our  findings  suggest
that  group-based  multi-trajectory  modeling  is  an
effective  tool  for  identifying  cereal-intake  trajectory
groups.

The RCS analysis  (Figure 3)  indicated a  statistically
significant  correlation  and  nonlinear  relationship
between  cereal  consumption  and  T2D  risk  (P<0.05).
For men,  a  negative  correlation was  observed between
rice  intake  (ranging  from 100  to  280  grams/day)  and
T2D risk;  however,  risk  increased  when  consumption
exceeded 280 grams/day. A significant increase in T2D
risk was noted for women when rice intake rose above
240 grams/day. Consumption of other grains, ranging
between  20  and  100  grams/day,  demonstrated  a
protective effect (HR<1) among women. 

DISCUSSION

This  cohort  study  involving  Chinese  adults
examined  the  link  between  different  consumption
patterns of rice, wheat, and other grains and the risk of
developing  T2D.  The  research  discovered  that  a
balanced  intake  of  cereals,  particularly  one
characterized  by  a  high  consumption  of  white  rice
without the inclusion of other grains, corresponds to a
heightened risk of developing T2D. On the contrary, a
moderate intake of coarse grains is  inversely related to
this  risk.  However,  the  correlation  between  cereal
consumption  and  T2D  risk  might  diverge  based  on
gender. Our study suggests that daily intake above 240
grams and 280 grams of white rice may be a threshold
for  T2D  development  in  men  and  women,
respectively.  To the  best  of  our  knowledge,  this  is  the
first  report  detailing  the  evolution  of  cereal
consumption in Chinese adults  over  a  continuous 21-
year  period (1997–2018).  This  research is  unique due
to  using  a  group-based  trajectory  model  for
partitioning  cereal  consumption  into  groups  with
similar  changing  features,  enabling  an  investigation  of
the  health  outcomes  associated  with  different  cereal
consumption patterns.

In  China,  the  term “coarse  grains”  is  typically  used
to  refer  to  grains  excluding  refined  rice  and  wheat
products.  Western  diets  more  commonly  incorporate
whole  grains,  defined  by  a  fiber-to-carbohydrate  ratio
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equal  to  or  greater  than  0.1.  Notably,  an  inverse
correlation  was  identified  for  other  grains,  confirming
an association across singular and multiple trajectories.
Consistently aligning with prior studies on whole grain

consumption, it was determined that trajectory groups
consuming a specific  volume of  other grains exhibited
a  reduced  risk  of  T2D compared  to  the  “no/deficient
intake  group.”  This  conclusion  is  supported  by  a
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FIGURE 1. Trajectory  of  rice,  wheat,  and  other  grain  intake  in  China  from  1997  to  2018  among  male  and  female
participants.  (A)  Rice  among  males;  (B)  Rice  among  females;  (C)  Wheat  among  males;  (D)  Wheat  among  females;  (E)
Other grain among males; (F) Other grain among females.
Note: The solid lines depict the average estimated intake of rice, wheat, and other grains over time, while the dashed lines
represent 95% confidence intervals. The data points represented by dots are weighted based on each individual’s responses
and the posterior probabilities of group membership. Cereal intake, measured in grams per average day, is shown on the
vertical  axis.  The  horizontal  axis  represents  the  follow-up  time  in  years.  The  different  colored  lines  correspond  to  distinct
trajectory groups identified within the study population,  with the legend indicating the groups and the proportion of  people
represented by each color.
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FIGURE 2. Multivariate  trajectories  of  rice,  wheat,  and  other  grain  consumption  among  (A)  males  and  (B)  females  in  the
Chinese population, 1997–2018.
Note: The solid lines within the graph depict  the average estimated intake of rice, wheat,  and other grains over time. The
dashed lines,  on the other hand, represent the 95% confidence intervals.  The individual  data points,  represented by dots,
are individually weighted based on the posterior probabilities associated with each group membership. On the vertical axis,
cereal  intake measurements (including intake of  rice,  wheat and other grains) are represented in grams per average day.
The horizontal axis, however, denotes follow-up time measured in years. Various trajectory groups identified within the study
population are represented with distinctive color lines. Each color set of lines illustrates the intake trajectory of rice, wheat,
and other grains for the identified population. The legend provides corresponding group associations and the percentage of
individuals within each group.
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significant body of scholarly research.
No  statistically  significant  associations  were  found

between various trajectories  of  rice intake and the risk
of T2D. Interestingly, however, the group that did not
supplement  their  diet  with  rice  but  had  a  high  white
rice  consumption,  exhibited  a  higher  T2D risk  in  the
multi-trajectory  analysis.  A  parallel  observation  was
noted  in  a  Japanese  study,  where  a  similar  association
between  T2D  risk  and  white  rice  consumption  was
discerned.  Although  participants  with  a  higher  rice
intake  tended  to  have  a  lower  body  mass  index,
according  to  this  study,  they  nonetheless  displayed  a
heightened  risk  of  T2D.  This  suggests  that  other
mechanisms  besides  obesity  might  increase  T2D  risk
due to high rice intake (1). The underlying mechanism
for  high  white  rice  consumption  and  increased  T2D
risk  remains  uncertain.  One  plausible  explanation  for
this  could be  the  higher  glycemic  index (GI)  of  white
rice, a dietary staple in Asian populations, significantly
contributing to the glycemic load (GL). Moreover, the
processing  of  polished  rice  strips  away  beneficial
nutrients  such  as  dietary  fiber  and  magnesium,  which

have been proven to mitigate diabetes risk.
Differences  in  basal  metabolism,  physical  activity,

and  lifestyle  exist  between  genders.  From  this  study’s
standpoint, we posit that cereals, serving as the primary
source of carbohydrates and a significant contributor to
GL,  have  a  more  pronounced  influence  on  women
than men. Our research findings support the view that
cereal  ingestion,  encompassing  rice  and  other  grain
consumption,  has  a  more  significant  impact  on  T2D
risk  among  women  than  their  male  counterparts.  In
our  dose-RCS  analysis,  substantial  distinctions  were
observed  between  men  and  women,  with  women’s
intake of coarse grains in the quantity of 20–80 grams
inversely  correlated  with  T2D  risk.  Accordingly,  we
advocate for a more intensive investigation of women’s
consumption behaviors and cereal intake patterns.

Products  made  from  refined  wheat,  such  as  bread,
white  noodles,  and  steamed  buns,  vary  considerably
between  Western  and  Asian  countries.  Although
several  studies  have  explored  the  relationship  between
the consumption of refined bread and the risk of T2D,
the  conclusions  drawn  from  these  studies  are
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FIGURE 3. Exposure-response relationships between intake of  rice,  wheat,  or  other  grains and risk  of  type 2 diabetes as
determined  by  adjusted  Cox  proportional  hazards  analyses  with  restricted  cubic  splines  among  (A)  male  and  (B)  female
participants.
Note:  The  y-axis  represents  the  logarithm of  the  hazard  ratios  obtained  from the  multi-variable  Cox  model.  The  adjusted
hazard ratio pertaining to the risk of T2D is illustrated by the red line. The shaded area depicts the 95% CI of these adjusted
hazard ratios.
Abbreviation: T2D=type 2 diabetes; RCS=restricted cubic spline; CI=confidence interval.
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inconsistent.  Compared  to  the  extensive  research  on
wheat  consumption  and  the  risk  of  obesity  or  being
overweight,  studies  focusing  on  T2D  risk  are  quite
limited.  In  this  study,  no  significant  correlation  was
found  between  wheat  intake  and  T2D  risk  in  either
gender.  According  to  research  on  Geographic
Variations  in  Dietary  Patterns  in  China  (11),  wheat
products are often consumed with other grains such as
corn,  rye,  and  millet,  resulting  in  a  mixed  coarse  and
fine  grain  consumption  pattern.  On  the  other  hand,
white  rice  is  generally  accompanied  by  cooked
vegetables  and  meat  and  rarely  combined  with  other
grains.

Our  study  contains  numerous  limitations  worth
noting.  First,  employing  three  consecutive  24-hour
dietary  recalls  may  lead  to  an  underestimation  of
sporadic  coarse  grain  intake.  Second,  identifying
trajectories necessitates a minimum of three rounds of
data.  To  fulfill  the  trajectory  model  fitting
requirements,  we  imposed  stringent  inclusion  criteria
on  our  study  design,  potentially  diminishing  the
representativeness of the samples analyzed and limiting
the  generalizability  of  our  findings.  Third,  due  to  the
inherent characteristics of observational studies, there is
a  potential  for  residual  confounding,  even  after
adjusting for various potential covariates.

This  study  was  conducted  to  identify  long-term
trends  in  cereal  consumption  among  Chinese  adults
and assess their corresponding risk of developing T2D.
The  objective  was  to  provide  fresh  insights  into  T2D
prevention by modifying risk factors.  Findings suggest
that the association between cereal intake patterns and
diabetes  onset  has  the  potential  to  inform  future
dietary guidelines aimed at chronic disease prevention. 
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SUPPLEMENTARY MATERIALS
SUPPLEMENTARY TABLE S1. Baseline characteristics of the participants (n=4,464).

Baseline characteristics
Male Female Overall

(n=2,044) (n=2,420) (n=4,464)

Age, years (mean±SD) 42.23±12.00 42.02±11.31 42.12±11.63

Geographic region, n (%)

Urban 544 (12.19) 636 (14.25) 1,180 (26.43)

Rural 1,500 (33.60) 1,784 (39.64) 3,284 (73.57)

Distribution of education level, n (%)

Primary school 747 (16.73) 1,329 (29.77) 2,076 (46.51)

Middle school 796 (17.84) 716 (16.04) 1,512 (33.87)

High school and above 501 (11.22) 375 (8.40) 876 (19.62)
Per capita annual household income,
CNY/year [median (IQR)] 9,656.92 (5,475.88–16,317.86) 9,820.00 (5,498.84–16,388.04) 9,700.63 (5,490.01–16,370.44)

Urban score (mean±SD) 56.36 (12.89) 56.02 (13.07) 56.17 (12.99)

Smoking, n (%)

Nonsmoker 773 (17.32) 2,323 (52.04) 3,096 (69.35)

Current smoker 1,271 (28.47) 97 (2.17) 1,368 (30.65)

Alcohol drinking, n (%)

Nondrinker 708 (15.86) 2,126 (47.62) 2,834 (63.49)

Current drinker 1,336 (29.93) 294 (6.59) 1,630 (36.51)

METs/week [median (IQR)] 245.69 (107.65–437.00) 269.39 (130.13–484.65) 258.39 (119.01–462.94)
Average daily energy intake,
measured in kilocalories (mean±SD) 2,660.13±710.35 2,282.9±666.83 2,455.63±712.27

BMI, kg/m2 (mean±SD) 22.48±2.90 22.67±3.14 22.58±3.03

WC, cm (mean±SD) 79.89±9.35 77.06±9.12 78.36±9.33

SBP, mmHg (mean±SD) 119.93±14.77 115.71±16.54 117.64±15.89

DBP, mmHg (mean±SD) 78.49±10.32 75.42±10.68 76.83±10.63
Note: Characteristics are described using either the median IQR or mean SD for continuous variables, and counts (proportions) for discrete
variables.
Abbreviation: IQR=interquartile range; SD=standard deviation; CNY=Chinese Yuan; BMI=body mass index; WC=waist circumference;
SBP=systolic blood pressure; DBP=diastolic blood pressure; MET=metabolic equivalent.
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SUPPLEMENTARY TABLE S2. Associations between trajectory groups and T2D risk by sex.

Gender Food group Trajectory group n
Model 1 Model 2 Model 3

HRs (95% CI) HRs (95% CI) HRs (95% CI)

Male
(n=2,044)

Rice

Group 2 381 1 1 1

Group 1 296 0.95 (0.58–1.53) 1.18 (0.72–1.94) 1.20 (0.70–2.03)

Group 3 1,121 1.06 (0.75–1.52) 1.25 (0.87–1.80) 1.16 (0.76–1.77)

Group 4 246 1.01 (0.62–1.63) 1.38 (0.83–2.28) 1.13 (0.58–2.22)

Wheat

Group 2 1,158 1 1 1

Group 1 351 1.13 (0.80– 1.60) 1.19 (0.83–1.68) 1.19 (0.82–1.73)

Group 3 359 1.05 (0.73–1.51) 1.09 (0.76–1.57) 1.19 (0.72–1.98)

Group 4 176 0.72 (0.41– 1.27) 0.84 (0.46–1.53) 1.22 (0.48– 3,09)

Other grains

Group 1 722 1 1 1

Group 2 950 0.72 (0.54–0.96)* 0.66 (0.49–0.89)* 0.60 (0.45–0.81)*

Group 3 372 0.66 (0.45–0.98)* 0.63 (0.42–0.94)* 0.52 (0.33–0.84)*

Multiple trajectories

Group 3 338 1 1 1

Group 1 349 1.07 (0.68–1.71) 1.28 (0.80–2.06) 1.51 (0.93–2.45)

Group 2 1,004 1.16 (0.79–1.71) 1.22 (0.82–1.80) 1.34 (0.91–2.00)

Group 4 353 0.98 (0.61–1.60) 1.14 (0.70–1.86) 1.06 (0.65–1.73)

Female
(n=2,420)

Rice

Group 2 540 1 1 1

Group 1 387 1.07 (0.65– 1.74) 1.07 (0.65–1.77) 1.30 (0.77–2.22)

Group 3 1,205 1.35 (0.93–1.97) 1.42 (0.97–2.07) 1.39 (0.90–2.14)

Group 4 288 1.22 (0.73–2.04) 1.29 (0.76–2.21) 1.06 (0.54–2.08)

Wheat

Group 2 1,319 1 1 1

Group 1 433 0.94 (0.65– 1.35) 0.90 (0.62–1.31) 0.92 (0.62–1.39)

Group 3 422 0.72 (0.47–1.09) 0.69 (0.45–1.04) 0.73 (0.43– 1.25)

Group 4 246 0.99 (0.62–1.56) 1.01 (0.62–1.65) 1.39 (0.62–3.13)

Other grains

Group 1 1,159 1 1 1

Group 2 771 1.10 (0.81–1.49) 1.10 (0.81–1.50) 0.97 (0.71–1.33)

Group 3 490 0.72 (0.48–1.08) 0.69 (0.46–1.04) 0.56 (0.34–0.90)*

Multiple trajectories

Group 4 410 1 1 1

Group 1 411 1.24 (0.75–2.04) 1.27 (0.76–2.11) 1.70 (1.01–2.85)*

Group 2 1,140 1.27 (0.83–1.94) 1.31 (0.86–2.02) 1.56 (1.01–2.40)*

Group 3 459 1.21 (0.74–1.97) 1.22 (0.74–2.01) 1.27 (0.77–2.10)
Note: Model 1 does not include any covariate adjustments. Model 2 incorporates adjustments for factors such as age, education level,
geographic locality (urban or rural), urbanization index, annual household income per capita, levels of physical activity, current status of
smoking and drinking, sleep duration, and medical history. Additionally, Model 3 includes adjustments for baseline intake of rice, wheat, and
other grains, total energy intake, waist circumference, and systolic blood pressure.
Abbreviation: HR=hazard ratio; CI=confidence interval.
* P<0.05.
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SUPPLEMENTARY TABLE S3. Mean consumption of rice, wheat, and other grains among different multi-trajectory groups
of males and females at follow-up.

Gender Multiple
trajectory groups

Cereal
classification

1997
(mean, g/d)

2000
(mean, g/d)

2004
(mean, g/d)

2006
(mean, g/d)

2009
(mean, g/d)

2015
(mean, g/d)

2018
(mean, g/d)

Male

Group 1

Rice 545.39 496.19 509.82 488.37 456.84 390.93 381.42

Wheat 9.95 8.65 15.94 29.12 24.62 30.20 39.20

Other grains 2.71 6.77 13.23 4.96 18.71 26.59 9.48

Group 2

Rice 398.09 361.54 351.89 315.66 319.15 283.79 280.72

Wheat 83.12 82.38 101.55 102.86 90.45 95.92 109.76

Other grains 13.38 8.16 11.27 10.07 11.05 14.24 9.83

Group 3

Rice 215.02 186.16 205.23 191.45 196.02 167.47 176.34

Wheat 257.21 229.13 197.24 196.62 193.43 184.80 194.02

Other grains 102.28 61.68 64.73 43.72 50.36 45.95 73.84

Group 4

Rice 49.45 43.55 36.52 39.57 46.30 62.05 53.96

Wheat 565.21 462.55 476.14 492.98 436.12 366.58 353.83

Other grains 56.99 54.56 41.06 38.91 36.45 68.68 65.95

Female

Group 1

Rice 484.38 452.08 474.38 426.10 385.30 320.54 313.62

Wheat 12.34 10.97 19.54 27.16 26.37 29.60 42.17

Other grains 2.09 9.31 16.57 11.15 17.09 23.21 8.64

Group 2

Rice 352.92 306.99 306.46 275.61 257.36 238.75 233.26

Wheat 81.37 72.44 83.62 86.09 79.74 84.69 88.82

Other grains 12.26 7.12 11.27 8.72 10.93 12.17 9.82

Group 3

Rice 46.60 41.01 33.26 35.21 39.81 60.92 53.18

Wheat 460.78 385.89 389.30 395.07 370.94 300.36 277.36

Other grains 53.44 46.37 39.99 34.68 36.16 66.66 59.92

Group 4

Rice 192.79 171.88 179.27 169.52 159.62 148.62 146.94

Wheat 195.72 178.24 163.80 166.36 156.99 145.67 156.91

Other grains 125.43 59.38 56.28 46.62 47.13 43.88 75.98

Note: We found that group-based multi-trajectory modeling does effectively identify cereal-intake multi-trajectory groups.
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2,135 excluded

Missing dietary data information or having 

abnormal daily energy intake

2,380 excluded

Missing data on blood glucose

358 excluded

9,424 excluded

Only participated in one follow-up

visit from 2009 to 2018

1,189 excluded

diagnosed with T2D when they first entered the 

“Survival analysis period” since in 2009 

4,363 excluded

Less than 3 waves of available dietary data 

before being diagnosed with T2D

(1997–2018)

59 excluded

With self-reported diabetes from 1997–2006

A total of 4,464 participants were included 

in the analyses of this study

≥18 years old, nonpregnant and lactating women (n=24,372) 

CHNS 2009–2018 

2,044 males

2,420 females 

Missing data on demographic, lifestyle 

SUPPLEMENTARY FIGURE S1. Flow chart outlining the inclusion of participants in the current study.
Abbreviation: CHNS=the China Health and Nutrition Survey; T2D=type 2 diabetes.
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