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ABSTRACT

Introduction: Lifestyle behaviors are essential
elements of diabetes care. The aims of this study
were to identify distinct subgroups of people
with type 2 diabetes based on personal levels of
lifestyle behaviors and explore the different
characteristics across these subgroups.

Methods: In 2015 and 2016, 1504 outpatients
with a diagnosis of type 2 diabetes were selected
via two-stage simple random sampling from 10
municipal district hospitals in Tianjin. Partici-
pants accepted an invitation by experienced
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physicians to complete a questionnaire con-
taining demographic and lifestyle content.
Clinical data were collected by reviewing med-
ical records. Latent class analysis was applied to
identify patterns of lifestyle behaviors. Multi-
nomial logistic regression was used to investi-
gate the characteristics of the subgroups.
Results: The final model yielded a four-class
solution: the healthy behavioral group,
unhealthy diet and less activity group, smoking
and drinking group, and sedentary and extre-
mely inactive group. Further analysis found that
variables, including age, sex, general/central
obesity, treatment modalities, glycemic control,
diabetes duration, and diabetes-related compli-
cations and comorbidities, were disproportion-
ately distributed across the four latent classes
(P <0.05). Participants in the unhealthy diet
and less activity group were more likely to have
a longer duration of diabetes, poor glycemic
control and more diabetes-related diseases rela-
tive to the other three latent classes.
Conclusions: Identification and characteriza-
tion of subgroups based on lifestyle behaviors in
individuals with type 2 diabetes can help health
care providers to shift to targeted intervention
strategies.

Keywords: Latent class analysis;
behaviors; Type 2 diabetes mellitus
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INTRODUCTION

There has been a worldwide escalation in the
prevalence of diabetes mellitus (DM) in the past
decades [1]. The number of individuals living
with DM is projected to reach 592 million by
2035 [2]. In China, the most populous country,
the estimated prevalence of diabetes has
increased dramatically from 1.3% in 1986 to
11.6% in 2010, translating into 113.9 million
Chinese adults with DM [3, 4] compared with
the USA at 9.9% [S5] and Europe at 8.1% [6].
Among the developing countries, China also
has the largest population with diabetes [7].
Thus, DM has become one of the most alarming
public health issues among all nations, espe-
cially China.

It is well established that unhealthy lifestyle
choices may worsen the condition of type 2 dia-
betes. Insufficient physical activity, low con-
sumption of vegetables, high salt intake and
smoking are associated with poor glycemic con-
trol, exacerbating the development of both
macro- and microvascular complications [8-11],
and heavy drinkingis associated with higher risks
of cardiovascular events and all-cause mortality
[12].

The evidence also shows that unhealthy
behaviors often coexist within an individual
[13-17]. For example, a German study reported
that 66% of drinkers had at least one other
unhealthy behavior, and 75% of smokers
reported coexisting physical inactivity and/or
an unhealthy diet [16]. Another study in Eng-
land found that over 70% of adults who par-
ticipate in one of the unhealthy behaviors also
engaged in the others [17]. Additionally, com-
pared with the simple sum of the separate
effects, the combination of unhealthy behaviors
is usually linked to a higher increased risk of
mortality [17]. Therefore, it is essential to know
whether we can identify subgroups with similar
behaviors in individuals with type 2 diabetes so
that interventions can be better tailored and
targeted.

Latent class analysis (LCA), a flexible per-
son-centered approach, has conceptual parallels
to cluster analysis but is based on a measure-
ment model much like factor analysis [18].

Individual variations inherently exist in the
population but may not be clearly observed.
LCA can distinguish the heterogeneity among
individuals based on the response to observed
variables (e.g., the presence or absence of
specific behaviors) [18] and is widely used to
explore patterns of multiple behaviors in dif-
ferent populations, such as children and ado-
lescents, overweight/obese adults and older
adults [13-15]. These study results have revealed
that LCA is an innovative and effective method
for grouping individuals with similar behaviors.

Evidence from diabetic studies, however,
indicates that lifestyle behaviors are often sep-
arately studied [19-22]. Little is known about
how these behaviors co-vary in populations
with type 2 diabetes. Accordingly, the current
study aimed to (1) explore the patterns of
modifiable lifestyle behaviors (physical activity,
sedentariness, diet, smoking and drinking)
using LCA and (2) examine the demographic
and clinical characteristic variations among
distinct patterns, thereby identifying the sub-
groups of patients who are the most at risk. A
full understanding of how the lifestyle behav-
iors cluster and whether typical risk subgroups
can be identified on that basis could provide
valuable and useful information to plan inter-
vention strategies for individuals with type 2
diabetes.

METHODS

Study Design and Patient Selection

In 2015 and 2016, a cross-sectional study was
conducted in Tianjin with two-stage simple
random sampling. We included ten municipal
districts consisting of six urban districts and
four suburban districts. In the first stage, one
healthcare insurance-assigned hospital was
randomly selected from each district. At the
next stage, patients who sought care between 23
November 2015 and 13 January 2016 were
randomly selected. The inclusion criteria were
as follows: being an outpatient with type 2
diabetes and covered by special disease outpa-
tient service insurance (SDOSI); aged 18 years or
older; being a local resident for at least 5 years
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consecutively before participation in our study;
without mental illness, able to communicate
verbally and able to provide informed consent.
The exclusion criteria were as follows: having
type 1 diabetes; having diabetes secondary to
other diseases; pregnancy or breastfeeding. Our
research was neither experimental nor inter-
ventional. Therefore, a trial register was not
conducted.

Data Collection

Individuals were informed about the objective
of the study and were asked to sign a consent
form before the initiation of data collection. In
the current study, we enrolled patients who
were covered by SDOSI because each had a
unique personal code comprising ten digits to
represent themselves in the Municipal Human
Resources and Social Security Bureau System.
Participants accepted an invitation by experi-
enced physicians to complete a questionnaire.
They only needed to fill in their own personal
code, which was recorded on their Medicare
Card. Personal information such as name and
phone number were not collected. Therefore,
the anonymity of the participants’ personal
information was preserved.

In total, 1585 questionnaires were collected.
The response rate was 93.2%, and 81 question-
naires were excluded because of missing data.
Thus, the final sample size for this study was
1504.

All procedures followed were in accordance
with the ethical standards of the responsible
committee on human experimentation (insti-
tutional and national) and with the Helsinki
Declaration of 1964, as revised in 2013.
Informed consent was obtained from all
patients for being included in the study.

Study Variables

Demographic variables included age, sex,
height, bodyweight and waist circumference.
Height and bodyweight were self-reported and
were used to calculate the body mass index
(BMI) (kg/mz). Overweight and obesity were
defined at cutoff points of 24 and 28 kg/m?,

respectively, according to the Working Group
for Obesity in China [23]. Abdominal obesity
was defined as a waist circumference larger than
90 cm in males and 85 cm in females, a more
reasonable cutoff point, especially for Chinese
patients [24].

Clinical variables included a family history
of diabetes, diabetes duration, HbAlc level,
treatment modality and diabetes-related dis-
ease. A family history of diabetes was defined as
at least one first-degree relative (parents, sib-
lings or children) with type 2 diabetes. Diabetes
duration was defined as the time from diagnosis
to study entry. Treatment modality was classi-
fied into three groups: the oral antidiabetic
agent-alone group (e.g., metformin and acar-
bose), the insulin-alone group (e.g., insulin
aspart and insulin glargine) and the oral
antidiabetic agent combined with insulin
group. The measured HbAlc and previous
diagnosis of diabetes-related disease were
ascertained by reviewing the medical records
from secondary or tertiary hospitals in which
the patients had ever been admitted. The HbAlc
level was used to evaluate the glycemic status,
where < 7% (53 mmol/mol) was defined as good
glycemic control and > 7% (53 mmol/mol) was
defined as poor glycemic control [25]. Dia-
betes-related disease included macrovascular
complications (cardiovascular disease, cere-
brovascular disease and peripheral vascular dis-
ease), microvascular complications (diabetic
nephropathy, diabetic retinopathy and diabetic
peripheral neuropathy) and diabetes-related
comorbidities (hypertension, hyperlipidemia
and metabolic syndrome). The detailed defini-
tions of diabetes and its complications are
described below.

Definitions of Diabetes and Its Complications
Diabetes was defined based on characteristic
symptoms of diabetes (thirst, polyuria,
polyphagia and weight loss) plus either a fasting
plasma glucose level > 7.0 mmol/l (126 mg/dl)
or a 2-h post glucose load > 11.1 mmol/l
(200 mg/dl) [26].

Cardiovascular diseases included ischemic
heart disease with an abnormal electrocardiog-
raphy or stress test, myocardial infarction with
typical changes on electrocardiography and
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plasma enzyme testing, coronary revasculariza-
tion, percutaneous transluminal coronary
angioplasty or coronary atherectomy [27].

Cerebrovascular diseases included asymp-
tomatic cerebral atherosclerosis, stroke (is-
chemic and hemorrhagic stroke), cerebral
small-vessel disease and acute cerebral vascular
disease [28].

Peripheral vascular disease (PVD) was
defined as an ankle arm blood pressure
ratio < 0.8, either at rest or after exercise, or a
history of amputation due to PVD [27].

Diabetic nephropathy was defined as having
persistent proteinuria, i.e., urinary albumin
excretion rate (UAER) > 20 pg/min or urinary
albumin (UA) > 30mg/24 h, after excluding
other causes of kidney damage, urinary system
infection and blood in the urine [29].

The definition of diabetic retinopathy was
based on typical changes of retinopathy on
funduscopic examination due to diabetes,
including background, pre-proliferative and
proliferative retinopathy or maculopathy [29].

Diabetic peripheral neuropathy was diag-
nosed if abnormalities were found in two or
more of the described criteria: (1) the presence
of one or more symptoms; (2) the absence of
two or more ankle or knee reflexes; (3) abnor-
mal vibration perception threshold related to
age-related measures; (4) abnormal autonomic
function as assessed by postural hypotension
with a fall in the systolic blood pressure of
30 mmHg or more and/or loss of heart rate
variability (R-R ratio < 1) [30].

Latent Class Indicators

The measures of latent class indicators included
nine items that represent multiple dimensions
of lifestyle behaviors. Binary latent class indi-
cators were created to best reflect existing

health recommendations and/or national
guidelines, as described in detail below
(Table S1).

Physical Activity

Participants reported the frequency and

duration per week that they spent engaged in
vigorous and moderate-intensity physical

activity (i.e., activities that cause the body to
heat up and sweat slightly, 50-70% of the
maximum heart rate). The two items were
combined to determine whether patients met
the recommendations of the Chinese Dia-
betes Society as well as American Diabetes
Association (ADA): adults with diabetes
should be encouraged to engage in at least
150 min/week of moderate-intensity aerobic
physical activity, spread over at least 3 days/
week [24, 31]. Another item assessing the
level of physical activity was whether the
participants had engaged in regular exercise
(allowing no more than 2days to elapse
between exercise sessions) during the past
3 months.

Sedentary Behavior

Participants were asked to report how many
hours per day they usually spent on sedentary
activities (i.e., working at home or the office;
watching television; reading books or newspa-
pers) and whether they engage in long-time
sitting (defined as more than 90 min). The ADA
recommends that all individuals, including
those with diabetes, should reduce sedentary
time, particularly by breaking up long-time sit-
ting (90 min) [31]. Considering the national
provision of working time is 8 h, we defined
exceeding the recommended sedentary time as
more than 90 min and the total time as>8h
per day.

Dietary Habits

Healthy nutrition recommendations for the
general public are also suitable for the popula-
tion with type 2 diabetes [32]. Thus, in the
present study, the consumption of staple foods,
the main energy source, was
dichotomized: > 400 and < 400 g/day; cooking
oil: > 30 and < 30 g/day; salt: > 6 and < 6 g/day,
consistent with the recommendations of the
Chinese Nutrition Society [33]. People who
reported daily consumption exceeding these
criteria were identified as exhibiting unhealthy
eating behavior. Additionally, patients who
reported a daily consumption of vegetables of at
least 400 g were identified as exhibiting healthy
eating behavior.
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Smoking and Drinking

The Chinese Diabetes Society suggests all
patients avoid smoking and does not recom-
mend drinking, especially for patients with type
2 diabetes [24]. Participants were asked whether
they were current smokers or drinkers. A current
smoker refers to smoking > 1 cigarette/day and
sustained > 1 year; a current drinker refers to
daily alcohol intake of 25 g or higher for males
and 15g for females, sustained > 1 year. The
two items were dichotomously coded.

Statistical Analyses

Latent Class Analysis

Latent class analysis (LCA) is an effective and
flexible person-centered approach to group
individuals with similar characteristics and is
widely used to explore the observed patterns of
multiple behaviors [13-15, 18, 21]. A series of
latent class models beginning with a baseline
one-class solution were conducted. The appro-
priate number of classes was chosen based on a
combination of model-fit indexes and inter-
pretability as follows [34, 35]: (1) G? statistic:
generally, G* estimates that are less than the
model’s degrees of freedom signify a reasonably
good model fit; (2) the Akaike information cri-
terion (AIC), Bayesian information criterion
(BIC) and sample-size-adjusted Bayesian infor-
mation criterion (ssABIC): for all of these
information criteria, a lower value indicates an
improved model fit and a more optimal balance
between the model fit and parsimony; (3)
average latent class probabilities for most likely
membership (ACPs), where ACPs approaching
or exceeding 0.80 were desired; (4) model
interpretability (e.g., each class should be dis-
tinguishable from the others based on the
item-response probabilities, no class should be
trivial in size, i.e., with a near-zero probability
of membership); it should be possible to assign a
meaningful label to each class.

Descriptive and Univariate Analysis

After model selection, individuals were assigned
to the class in which they had the highest pos-
terior probability of membership. Characteristic
differences across latent classes were examined.

The data were given as medians (interquartile
range) for continuous variables and proportions
for categorical variables. After checking the
distribution of continuous variables using a
normality test, we used the Kruskal-Wallis test
for non-normal distributions to compare con-
tinuous variables across groups. Categorical
variables were compared using a chi-square test
or the Kruskal-Wallis test for ordinal variables.

Multinomial Logistic Regression

To facilitate specific target group intervention
measures, indicators of the subgroups were
investigated using multinomial logistic regres-
sion, with class 1 as the reference category.
Variables that are included in multivariate
analysis were selected based on the results of
univariate analysis. Age was divided into three
groups according to the definition of the World
Health Organization: youth (< 45 years), middle
aged (45-64 years) and elderly (> 65 years) [36].
The numbers of diabetes-related comorbidities,
macro- and microvascular complications per
patient were calculated.

LCA analyses were performed using SAS
PROC LCA (version 1.3.2) [34], and the
remaining analyses were conducted using SAS
9.3 (SAS Institute, Cary, NC, USA). P <0.05
(two-sided) = was  considered  statistically
significant.

RESULTS

Participant Characteristics

The study included 1504 patients (741 males
and 763 females) with type 2 diabetes, and the
median age was 63 years (IQR = 13). The char-
acteristics of all participants are shown in
Tables 2 and 3. Over half of the sample had
abdominal obesity (59.4%), while nearly half
had a family history of diabetes (47.1%). The
median HbAlc level was 7.5%, and only 23.5%
of patients reached the HbAlc target according
to the ADA criteria (HbA1lc level less than 7.0%)
[25]. The median duration of type 2 diabetes
was 9 years, and 69.7% of patients had diabetes
for at least 5 years.

I\ Adis



1384

Diabetes Ther (2017) 8:1379-1392

Latent Class Analysis

Number of Latent Classes

Models with one through five latent classes
were estimated (Table 1). The G? estimates, as
well as the three information criteria indices
(AIC, BIC and ssABIC), decreased substantially
for models with 1-4 classes and moderately for
additional classes. BIC was suggested to be the
best indicator to decide the number of latent
classes in mixture modeling among the tradi-
tionally used information criteria [37]. Here, the
four-class model had the lowest BIC value. The
ACPs, an indicator of the reliability of the LCA
class assignments, was highest for models with
four classes. Considering conceptual implica-
tions, the final model yielded a four-class
solution.

Latent Class Profiles

Each latent class corresponds to an underlying
subgroup of participants characterized by a
special behavioral pattern. The probability of
reporting each of the nine behaviors within the
generated classes was used to characterize the
different profiles of individuals (Fig. 1). Class 1
represented more than half of the participants
with a healthy pattern relative to the other
three classes and was labeled the “healthy
behavioral group.” Individuals in this class had
relatively high probabilities of participating in
physical activity, being moderately sedentary,
following a daily healthy diet and having low
probabilities of being a current smoker or drin-
ker. Class 2 accounted for 4.0% of the sample

and can be characterized by their high proba-
bility of reporting unhealthy behaviors, such as
low participation in physical activity, slightly
higher sedentary time, low vegetable consump-
tion, high intake of staple food, cooking oil and
salt, but low probabilities of being a current
smoker or drinker. As such, class 2 was labeled
the “unhealthy diet and less activity group.”
Class 3 represented 8.3% of the sample and was
distinguished from other classes by the highest
probability of being a current smoker and
drinker and was labeled the “smoking and
drinking group.” Class 4 accounted for the sec-
ond largest segment of the sample with an
estimated prevalence of 28.5%. Individuals in
this class had a pattern of the lowest probability
of engaging in regular exercise or adequate
physical activity and tended to have relatively
high probabilities of having sedentary behav-
iors. Thus, we labeled this class the “sedentary
and extremely inactive group.”

Characteristics of Latent Class
Membership

Demographic Factors

All participants were assigned to the class in
which they had the highest posterior probabil-
ity of membership. The results were presented
in the form of column percentages, which
showed that these classes varied by demo-
graphic characteristics (Table 2). Class 3 had the
highest proportion of members who were
45-64 years of age (P=0.001). Class 4 com-
prised mostly individuals older than 65 years

Table 1 Model fit statistics of the one- to five-class LCA models (z = 1504)

Number of classes G’ DF AIC BIC ssABIC ACPs
1 1194.22 502 1212.22 1260.06 1231.47 -

2 816.70 492 854.70 955.70 895.34 0.89

3 584.64 482 642.64 796.80 704.68 0.38

4 395.56 472 473.56 670.57 514.91 0.90
5 312.09 462 410.09 680.87 556.98 0.86

Bold font signifies the selected model

G? Likelihood ratio chi-square, DF degrees of freedom, AIC Akaike’s Information Criterion, BIC Bayesian Information
Criterion, ssABIC sample-size adjusted BIC, ACPs average latent class probabilities for most likely latent class membership
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Fig. 1 Item-response probabilities of lifestyle behaviors for
the four-class model: probability of endorsing an item
given a latent class. Item-response probabilities are the
probabilities of participants responding to different items

relative to the remaining latent classes
(P =0.002). Within each subgroup, class 3 was
composed predominantly of males, and class 4
participants ~ comprised mostly  females
(P <0.001). Normal and overweight defined by
BMI were similar between classes (P = 0.574 and
P=0.176, respectively). However, a higher
proportion of individuals in class 2 and class 4
were classified as obese compared with those in
class 1 and class 3 (P=0.003). Specifically,
abdominal obesity was much more frequently
observed in class 2 relative to the remaining
latent classes (P = 0.037).

Clinical Factors

The clinical factors were disproportionately
distributed across four latent classes (Table 3).
Compared with class 1, participants in class 2
accounted for a higher proportion treated with
oral antidiabetic drugs combined with insulin
(63.3% vs. 51.5%), had a longer duration of
diabetes (duration > 10 years: 55.0% vs. 34.3%)
and developed more diabetes-related complica-
tions and comorbidities (such as more than one
macrovascular complication: 30.0% vs. 15.3%;
more than one microvascular complication:
30.0% vs. 18.9%; more than one comorbidity:
43.3% vs. 21.9%). The percentages of shorter
diabetes duration (duration < 5 years: 41.0% vs.
15.0%) as well as glycemic control achieved

consumption of
staple food

Enough physical

activity —— Healthy behavioral group
(59.2%)
Moderately ——unhealthy diet and less
sedentary activity group (4.0%)
Smoking and drinking
Low group (8.3%)

sedentary and extremely
inactivity group (28.5%)

=== Adequate intake
of vegetables

depending on latent class membership. For example,
among those in the healthy behavioral group, the prob-
ability of endorsing regular exercise was 0.7

(30.4% vs. 18.3%) were highest in class 3. Peo-
ple in class 2 and class 4 had a lower proportion
at the glycemic control goal (18.3% and 19.3%,
respectively). Family history had a higher pro-
portion in class 2 (60.0% vs. 45.5%), although
not significantly (P = 0.215).

Multivariable Multinomial Logistic Model

Table 4 shows the results of multinomial logis-
tic regression analysis: people who were obese
and had poor glycemic control had significantly
higher odds of being in classes 2 and 4 than in
class 1. Members who had abdominal obesity, a
longer duration of diabetes and more dia-
betes-related complications and comorbidities
seemed to have significantly higher odds of
being in class 2. Patients of male gender and age
45 to 64 years had significantly higher odds of
being in class 3. However, female gender had
significantly higher odds of being in class 4.

DISCUSSION

Our study applied LCA to capture meaningful
patterns of lifestyle behaviors in individuals
with type 2 diabetes. Four distinct groups were
revealed in the current study, in which charac-
teristic disparities were obvious. It may be

I\ Adis



1386

Diabetes Ther (2017) 8:1379-1392

Table 2 Demographic characteristics of individuals with type 2 diabetes according to latent class

Characteristics Overall Class 1 Class 2 Class 3 Class 4 P value
N (%) 1504 (100) 890 (59.2) 60 (4.0) 125 (8.3) 429 (28.5)
Age (years) 63 (13) 63 (12) 63 (10) 60 (13) 64 (13) 0.019
Age groups (years)
<45 70 (4.6) 38 (4.3) 2 (33) 6 (4.8) 24 (5.6) 0.707
45-64 787 (52.3) 477 (53.6) 35 (58.3) 83 (66.4) 192 (44.8) 0.001
> 65 647 (43.0) 375 (42.1) 23 (38.3) 36 (28.8) 213 (49.7) 0.002
Sex (males) 741 (49.3) 436 (49.0) 33 (55.0) 109 (87.2) 163 (38.0) < 0.001
BMI groups
Normal 432 (29.0) 264 (30.0) 14 (23.3) 32 (26.0) 122 (28.4) 0.574
Overweight 713 (47.8) 438 (49.8) 29 (48.3) 62 (50.4) 184 (42.9) 0.176
Obesity 346 (23.2) 177 (20.1) 17 (28.3) 29 (23.6) 123 (28.7) 0.003
wC 89 (14) 885 (132) 915 (117) 92.0 (13.5) 89.0 (17.0) 0.001
Abdominal obesity 894 (59.4) 512 (57.5) 45 (75.0) 80 (64.0) 257 (59.9) 0.037

Data were expressed as medians (IQR) or 7 (%)

P values for the difference between subgroups were calculated with the Kruskal-Wallis test or chi-square test, as appropriate

Bold values indicate major characteristics

BMTI body mass index, WC waist circumference, Class 1 healthy behavioral group, Class 2 unhealthy diet and less activity
group, Class 3 smoking and drinking group; Class 4 sedentary and extremely inactive group

potentially helpful in targeting high-risk sub-
groups and developing specific intervention
strategies.

Class 1, the healthy behavioral group, was
the most prevalent category (59.2%) in our
sample. Although the target level of HbAlc was
not generally achieved, the individuals in class
1 had been engaging in a healthy lifestyle. One
explanation is that the patients in class 1
changed their lifestyle during the illness
because individuals in this class had diabetes for
an average of 9years. Thus, more satisfac-
tory improvements  still need long-term
persistence.

Abdominal obesity, poor glycemic control,
long diabetes duration and the development of
diabetes-related diseases were more prevalent in
the unhealthy diet and less activity group (Class
2). These findings are consistent with those of
previous studies, which indicated the relation-
ship between wunhealthy lifestyle and

unsatisfactory glycemic control [9, 38]. More-
over, diabetes duration was significantly asso-
ciated with worse glycemic control, and they
both were risk factors for developing macro-
and microvascular complications [39, 40]. These
results are in line with our data showing that
the higher prevalence of diabetes-related disease
among class 2 members is mostly explained by
poor glycemic control resulting from an
unhealthy lifestyle and prolonged duration of
diabetes. Abdominal obesity in class 2 was more
prevalent relative to the other classes. Kissebah
et al. first reported that women with central
obesity were more inclined to have glucose
intolerance, hyperinsulinemia and hyper-
triglyceridemia [41]. Evidence from a recent
study demonstrated an independent and sig-
nificant association of central obesity with
unsatisfactory glycemic control and early
nephropathy; physical activity interaction with
central obesity was also found to be associated
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Table 3 Clinical characteristics of individuals with type 2 diabetes according to latent class

Characteristics Overall Class 1 Class 2 Class 3 Class 4 P value
Family history of diabetes 709 (47.1) 419 (47.1) 36 (60.0) 59 (47.2) 195 (45.5) 0.215
Treatment modalities < 0.001
Oral antidiabetic agents alone 601 (40.0) 351 (394) 20 (33.3) 57 (45.6) 173 (40.3)

Insulin alone 134 (8.9) 81 (9.1) 2 (3.3) 14 (112) 37 (8.6)

Oral antidiabetic agents and insulin 769 (51.1) 458 (51.5) 38 (63.3) 54 (43.2) 219 (51.0)

HbAlc (%) 75(12) 74 (1L1)  79(L6) 74 (12) 7.8 (19) < 0.001
Glycemic control 353 (23.5) 221 (24.8) 11 (18.3) 38 (30.4) 83 (19.3) < 0.001
Mean duration of type 2 diabetes (years) 9(9) 9 (9) 12 (11) 8 (9) 9(9) 0.013
Duration of type 2 diabetes (years) 0.004

0-4.9 455 (30.3) 264 (29.7) 9 (15.0) 51 (41.0) 131 (30.5)

5-9.9 534 (35.5) 321 (36.1) 18 (30.0) 40 (32.0) 155 (36.1)

> 10 515 (342) 305 (34.3) 33 (55.0) 34 (27.0) 143 (33.3)
Macrovascular complications 0.033

0 841 (55.9) 507 (57.0) 30 (50.0) 77 (61.6) 227 (52.9)

1 419 (27.9) 247 (27.8) 12 (20.0) 34 (27.2) 126 (29.4)

> 1 244 (162) 136 (153) 18 (30.0) 14 (112) 76 (17.7)
Microvascular complications 0.004
0 849 (56.4) 517 (58.1) 24 (40.0) 82 (65.6) 226 (52.7)

1 376 (25.0) 205 (23.0) 18 (30.0) 29 (232) 124 (28.9)

> 1 279 (18.6) 168 (18.9) 18 (30.0) 14 (11.2) 79 (18.4)
Diabetes-related comorbidities 0.002
0 645 (42.9) 395 (444) 18 (30.0) 63 (50.4) 169 (39.4)

1 489 (32.5) 300 (33.7) 16 (267) 34 (27.2) 139 (324)

> 1 370 (24.6) 195 (21.9) 26 (43.3) 28 (22.4) 121 (282)

Data were expressed as medians (IQR) or 7 (%)

P values for the difference between subgroups were calculated using the Kruskal-Wallis test or chi-square test, as appropriate

Bold values indicate major characteristics

HbAIc glycated hemoglobin; targets of glycemic control were defined as HbAlc less than 7% (53 mmol/mol), Class 1
healthy behavioral group, Class 2 unhealthy diet and less activity group, Class 3 smoking and drinking group, Class 4

sedentary and extremely inactive group

with the aforementioned outcomes [42]. More-
over, the relationship between dietary patterns
and central obesity has been observed in older
Chinese individuals [43]. Thus, interventions in
individuals with longer diabetes duration and

more diabetes-related diseases could focus on
diet and exercise. People might need to learn
their dual role. Not only is weight management
by dietary and regular exercise able to reduce
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Table 4 Results of the logistic regression model investigating factors associated with class membership

Characteristic Class 2 vs. class 1 Class 3 vs. class 1 Class 4 vs. class 1
OR 95% CI OR 95% CI OR 95% CI

Age group (years)

< 45 Reference

45-64 1.04 0.23-4.72  1.23* 1.01-1.65 0.64 0.35-1.16

> 65 0.66 0.14-3.11 0.88 0.28-2.79 1.18 0.48-1.60
Sex

Women Reference

Males 1.40 0.80-2.45 791* 4.34-1441 0.80*  0.59-0.98
BMI groups

Normal Reference

Overweight 1.09 0.53-2.23  1.06 0.64-1.77 0.83 0.62-1.12

Obesity 1.22* 1.07-1.81 147 0.78-2.78 1.30* 1.09-1.75
Abdominal obesity 1.61* 1.03-2.53 131  0.83-2.06 0.99 0.76-1.29
Treatment modalities

Oral antidiabetic agents alone Reference

Insulin alone 0.14 0.02-1.09 140  0.67-2.94 0.93 0.58-1.50

Oral antidiabetic agents combined with insulin ~ 0.68 0.38-124 073  0.46-1.16 1.01 0.77-1.32
Poor glycemic control 1.45* 1.07-2.25  0.66 0.42-1.05 1.52* 1.05-2.12
Duration of type 2 diabetes (years) 1.56* 1.22-195 091  0.86-1.04 0.99 0.97-1.01

Macrovascular complications 1.28* 1.04-144 118  0.78-1.79 1.00 0.80-1.27

Microvascular complications 1.40* 1.13-1.80 0.78  0.57-1.06 0.98 0.84-1.16

Diabetes-related comorbidities 1.58* 1.15-2.12 0.88  0.69-1.13 1.08 0.94-1.24

OR odds ratio, CI confidence interval, Class I healthy behavioral group, Class 2 unhealthy diet and less activity group; Class 3

smoking and drinking group, Class 4 sedentary and extremely inactive group

*» < 0.05

visceral adipose tissue, it is also the cornerstone
of any successful treatment of diabetes.

In addition to this, men with smoking and
drinking behaviors were largely distributed in
class 3. Systematic review and meta-analysis
indicated that cigarette smoking is associated
with an increased risk of type 2 diabetes and
microvascular complications such as diabetic
peripheral neuropathy [44, 45]. Xie et al. sum-
marized recent evidence showing that insulin
action and pancreatic cell function can be

affected by nicotine, further facilitating the
development of diabetes complications [46].
Thus, smoking cessation is crucial for glycemic
control and slows the development of diabetes
vascular complications [8]. Regarding drinking
behavior, heavy drinkers were at an elevated
risk of poor health, whereas moderate alcohol
consumption had an inverse association with
the risk of type 2 diabetes, but this may be
limited to women and non-Asian populations
[22, 47]. A recent study conducted on Chinese
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men living with type 2 diabetes suggested that
avoiding tobacco and alcohol could have a
prominent impact on their health status [48].
Interestingly, relatively more satisfactory gly-
cemic control and fewer complications and
comorbidities existed in this group. Possible
reasons were the shorter duration of diabetes
and adherence to other health behaviors.
Therefore, it is imperative to class 3 members to
be informed about the benefits of early inter-
vention that focus on quitting smoking and
limiting alcohol consumption.

Distinct from the above three classes, more
women were included in the sedentary and
extremely inactive group (class 4). Notably, the
percentage of general obesity derived from BMI
in this class was the highest, in agreement with
prior research supporting that obesity is more
common in women [49]. One reason is that
fluctuations in hormone concentrations due to
reproductive factors predispose women to
excess weight gain [50]. Another reason is the
high-risk time for women to gain weight,
known as menopause [50]. In addition, the lack
of exercise and sedentary behavior both play a
fundamental role in the process of weight gain
[13, 19]. However, gender roles influenced by
genetic and social factors place some women in
the position of family caregiver, leaving little
time or energy for exercise [51]. The American
College of Sports Medicine and the American
Diabetes Association hold the joint statement
that physical activity and regular exercise can
assist with the management of blood glucose
levels [52]. Thus, lifestyle modification aimed at
increasing regular exercise and reducing seden-
tary time is the principal therapy for members
in class 4, especially women with a higher BMI
index.

The application of LCA showed the merits of
identifying the heterogeneity that exists in type
2 diabetes patients. Four classes emerged from
the person-centered approach characterized by
different behavior profiles, indicating special
needs in those with diabetes. The strengths of
the study also include the relatively large size of
the sample and diversity of participants. The
distribution of participants was wide and span-
ned the urban areas, suburbs and far-suburbs in
Tianjin, and the response to our study was

93.2%. We believe our sample was a represen-
tative population, and the results were applica-
ble to other patients in Tianjin, China.

The limitations of this study include the
self-reported behavior measures, which are
subject to recall bias and report bias. Accord-
ingly, several intervals were offered to help
participants to confirm their responses. In
addition, data for socioeconomic variables such
as education level, marital status and working
status were not collected. Future research could
involve these variables, which may provide
more information that differentiates members
across classes. Finally, but most importantly,
the design of our study is cross-sectional.
Therefore, we can only provide a snapshot of
the association between current lifestyle
behaviors and other characteristics in diabetes
patients. However, four typical behavior pat-
terns were identified in our data, which uncover
the special needs of lifestyle interventions. A
prospective cohort study is needed to evaluate
whether targeted strategies can assist to maxi-
mize the potential effect of health interven-
tions, both in the short term and over the long
term.

CONCLUSION

Four categories have been identified based on
lifestyle behavior factors in a type 2 diabetes
population. The demographic and clinical
characteristics of each group were evident,
which can be potentially used to locate
high-risk groups. Individualized behavioral
modification strategies should be applied to
specific high-risk groups.
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