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Heidi H. Y. Hung1, Emily Ying Yang Chan 1,2,3,4✉, Elaine Chow 5, Shuk-yun Leung6, Francisco Tsz Tsun Lai1,7,8 and Eng-kiong Yeoh9

© The Author(s) 2022

OBJECTIVES: There is increasing attention on association between eating patterns and diabetes control following global changes
in eating patterns. There had been very limited research on the eating patterns of diabetic patients with employment, although
working age population has seen the highest increase in diabetes incidence. This study aimed to identify workplace eating patterns
in relation to glycaemic control among type 2 diabetic patients with employment.
METHODS: This is a sequential mixed-methods study. The exploratory qualitative study involved focus group interviews with 31
type 2 diabetic patients with employment, which guided the design of a subsequent cross-sectional investigation involving 185
patients with employment. Thematic analysis was conducted on the qualitative data to identify workplace eating patterns most
relevant to glycaemic control. Hierarchical multiple linear regression was performed to examine association between workplace
eating pattern and glycaemic control, proxied by HbA1c.
RESULTS: The focus group interviews identified frequency in the consumption of home-prepared meals (HPM) and meal hours as
the major workplace eating patterns that affected glycaemic control. The cross-sectional study confirmed that regular consumption
of HPM at workplace could explain variance of HbA1c, independent of socio-demographic factors, lifestyle factors and disease
condition, with R2= 0.146, F(14, 170)= 2.075, p= 0.015; adjusted R2= 0.076. Patients who were female, in non-skilled occupation,
on shift, with fixed work location and had break during work were more likely to consume HPM.
CONCLUSIONS: Consumption of HPM at workplace should be promoted to facilitate better glycaemic control by type 2 diabetic
patients with employment, possibly through more practical dietary advice, and workplace accommodation in terms of space and
facilities. In the context of COVID-19 pandemic, consumption of HPM also meant additional protection for diabetic patients through
reducing close contact exposures in restaurants.
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INTRODUCTION
Diabetes is associated with two-fold excess risk for a range of
vascular diseases [1], and increases the risk of cancer death and
other non-vascular death by 1.25 and 1.73 times, respectively [2].
The number of people with diabetes at working age (20–64) is
expected to increase to 417 million in 2030, i.e., by about 18% in
just 10 years [3]. The phenomenon of young-onset type 2 diabetes
further highlighted the need to better understand the issues on
diabetic control among working population, given their higher
average HbA1c concentrations, earlier onset of complications [4–6]
and poorer adherence to lifestyle modifications [7]. From an
economic perspective, the working population affected by
diabetes could lead to productivity loss in addition to healthcare
cost [8–11]. From a health perspective, certain working conditions

could affect the disease control of workers with diabetes, including
hours worked [12, 13], shift work [14], and work-related
psychosocial stress [15, 16]. Studies from this perspective were
however limited and with varied quality.
Compared with a worker in the Organization for Economic Co-

operation and Development (OECD) region spending on average
36 hours at work per week [17], the corresponding number for
Hong Kong, being an economically advanced Asian city, is at 44
[18]. For an employed person, the work environment shapes
heavily her daily routine, including eating patterns. Due to the
changing eating patterns across the world, e.g., more frequent
eating-out, irregular meal times, there has been increasing
attention on the association between eating patterns and the
risk and control of diabetes and cardiovascular diseases [19]. Some
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eating patterns in particular, including breakfast skipping, lower
meal frequency, late-night dinner, have been found to be
associated with glycaemic control among people with diabetes
[20, 21]. None of these studies however focused on the situation
of diabetic patients with employment and eating patterns
conditioned by the workplace. Given the potential impact that
eating patterns at workplace may have on glycaemic control and
the impact of working conditions on eating patterns, this study
aimed to identify major workplace eating patterns in relation to
glycaemic control among diabetic patients with employment.

METHODS
Conceptual framework
This was a sequential mixed-methods study that consisted of an
exploratory qualitative study (semi-structured focus group interviews)
and a subsequent cross-sectional study, with independent sampling (Fig.
1). Mixed methods study was employed because the relationship between
work environment and diabetes control was a multidimensional issue that
had not been well researched on [22]. Findings from the qualitative study
guided the operationalization of workplace eating patterns in the
subsequent quantitative stages of the investigation [23].

Data source and subjects
For both the qualitative and quantitative parts of the study, eligible
participants were those aged between 18 and 65, with type 2 diabetes
diagnosed for at least 6 months, and had been in the same employment
for at least 6 months before the date of interview/ survey.
The semi-structured focus group interviews were conducted from April

to July 2019 to identify eating patterns at the workplace that the patients
considered most relevant for glycaemic control, and the working
conditions that affected workplace eating patterns. Participants were
recruited from the diabetes complication screening sessions of the Prince
of Wales Hospital (PWH), one of the largest public hospitals in Hong Kong.
Heterogenous purposive sampling was used to ensure diversity in the
participants’ occupations, diabetes regimens and age-gender mix (Appen-
dix 1). As the discussion topic generally did not involve personal issues,
and interaction in experience sharing among patients would be valuable,
focus group was considered an appropriate methodology [24]. To develop

rapport, the focus group moderator had an informal discussion with
individual participant to explain the study and to understand their work
environment; and they signed a standardized consent form before the
focus groups began. The focus groups lasted between 50 and 75min. All
focus groups were moderated by the same investigator (the first author
HHYH) with a discussion guide to minimize interviewer bias. The discussion
guide was developed based on literature review and preliminary
discussion with diabetes specialist and union representatives, and was
reviewed by public health researchers. The focus groups were conducted
face-to-face without presence of non-participants, and the discussion was
audio-recorded with verbal consent of the participants. The audio records
were then transcribed verbatim and anonymized. Field notes were taken
by the moderator during the focus group interviews to assess data
saturation. Participants were recruited until saturation was reached with no
new preliminary themes identified.
Findings from the qualitative study and literature review informed the

design of the cross-sectional study, in particular the development of the
survey instrument. The draft questionnaire was reviewed by six non-
patient individuals with knowledge in public health/medicine; and fluency
in Cantonese and Chinese characters. The revised questionnaire was then
piloted among 28 type 2 diabetic patients with employment, who were
invited to comment on the questionnaire, in particular its clarity, relevance
and length.
Participants of the cross-sectional study were recruited from the Fanling

Family Medicine Center (FLFMC), which was one of the largest public
clinics in the same organizational and geographical cluster as PWH,
providing regular follow-up appointments for diabetic patients. Partici-
pants were randomly selected from the appointment list of the FLFMC for
January 2020, and were approached and invited to participate in the study
when they attended the appointments. Every participant signed a
standardized consent form before filling out the self-administered
questionnaire. Trained researchers were on site to obtain consent, explain
the study and clarify questions that the participants had, so as to address
information bias to some extent. Primary data collected included
participants’ demographics, socioeconomic status, employment situation,
disease conditions and regimens, and eating patterns at workplace.
Electronic records of the participants’ latest HbA1c levels (%) available
three months after the completion of the questionnaire were retrieved
from FLFMC database.
HbA1c was chosen to proxy glycaemic control in this study as it had

been recognized as the primary diabetes outcome of metabolic control,

Fig. 1 An overview of the study design: exploratory sequential mixed-methods study. Focus groups were first conducted to identify
workplace eating habits and related working conditions that were relevant to glycaemic control (stage 1); findings from focus groups guided
the development of the survey instrument of the subsequent cross-sectional study (stage 2); and finally statistical analysis was conducted to
confirm possible association between workplace eating habits and glycaemic control (stage 3).
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given its association with diabetic complication [25], and mortality (all-
cause and cardiovascular) [26]. Dependent variable was the actual HbA1c
level (%) of patients. Independent variables included the eating patterns
identified in focus group interviews, i.e., consumption of home-prepared
meals at workplace (regular/occasional/never) and meal hours (regular/
irregular). Confounders included socio-demographic factors of age, sex,
education attainment (primary and below/secondary/tertiary), personal
monthly income (HK$0–9999/HK$10,000–29,999/HK$30,000, and above)
and occupation (non-skilled/medium-skilled/highly-skilled); lifestyle factors
of smoking habit (current smoker or not) and performance of exercise
outside home and work per week (yes/no); and disease conditions of
diabetes duration (years) and presence of comorbidities (yes/no). The
sample size for the cross-sectional study was calculated by G*Power 3.1.9.4,
based on the assumptions of a small effect size [27], confidence interval of
95%, standard deviation of 0.5, a power of 80%, and with 12 independent
variables for multiple linear regression [28].
Ethical approvals for both the qualitative study and cross-sectional study

were granted by The Joint Chinese University of Hong Kong—New
Territories East Cluster Clinical Research Ethics Committee (The Joint CUHK-
NTEC CREC) which covered the sites where patients were recruited. The
Strengthening the Reporting of Observational Studies in Epidemiology
Statement (STROBE) [29] for reporting cross-sectional studies and the
Consolidated Criteria for Reporting Qualitative Research (COREQ) checklists
[30] were followed in the reporting of this study (Appendix 2).

Data analysis
Inductive thematic analysis under essentialist approach at semantic level
was conducted for the focus group interviews [31]. Guidelines by Braun
and Clarke were adopted in conducting the thematic analysis [32].
Transcript from each group was first reviewed in detail to familiarize with
the data and search for patterns with notes on margin. Initial coding of the
transcribed discussion records was then done, followed by collating of
codes into potential themes, reviewing of themes for internal homogeneity
and external heterogeneity [33], and defining of final themes. The data
analysis process was managed by NVivo 12.
For the cross-sectional study, demographics, socioeconomic status,

disease conditions, regimens and working conditions of participants were
summarized in descriptive statistics. Linear-by-linear association tests and
analysis of variance (ANOVA) tests were conducted to profile diabetic
patients, who displayed the workplace eating pattern considered most
critical to glycaemic control in focus group interviews. Correlations
between HbA1c and continuous covariates: age, disease duration, and
working hours were assessed by Spearman’s rank-order correlation
coefficient. Group comparison of HbA1c according to socioeconomic
status and workplace eating patterns with related working conditions was
conducted by using Kruskal–Wallis H-test or Mann–Whitney U-test.
Hierarchical multiple linear regression was then conducted to identify
workplace eating patterns that were predictive of HbA1c level, after
adjustments of potential confounders. Planned sensitivity analysis was

Table 1. Characteristics of participants in focus group interviews (n= 31).

Focus group Participant number Age Sex Occupation Disease duration Regimen

Diabetic drugs Insulin

F1 1 42 M Security guard 16 m √ √

F1 2 55 M Retail salesperson 16 y √ √

F1 3 50 F Hospital chemist 10 y √

F1 4 43 M Bank manager 10 m √

F2 1 55 M Project assistant 16 y √ √

F2 2 49 F Telephone operator 20 y √ √

F2 3 62 M Hotel manager 7 y √ √

F3 1 54 F Clerical 17 y √ √

F3 2 58 F Clerical 4 y √

F3 3 49 F Office assistant 9 y √

F3 4 63 F Clerical 5 y √

F4 1 58 M Civil engineer 1 y √

F4 2 60 M Merchandizer 25 y √ √

F4 3 53 M Goods delivery 11 y √ √

F5 1 26 F Travel agent (ticketing) 6 m √

F5 2 29 F Retail cashier 2 y √ √

F5 3 53 M Driver (cross-border truck) 5 y √

F5 4 49 M Driver (delivery truck) 10 y √ √

F6 1 55 M Driver (taxi) 10 y √ √

F6 2 59 M Construction painter 10 y √ √

F6 3 54 F Manager 9 y √ √

F7 1 58 F Nurse 10 y √

F7 2 52 M Renovation company owner 12 y √

F7 3 51 F Retail cashier 7 m

F7 4 63 M Construction site laborer 10 y √ √

F8 1 58 M Engineer 20 y √ √

F8 2 63 F Dishwasher 6 y √

F8 3 46 F Waitress 28 y √

F9 1 39 M Retail salesperson NA √ √

F9 2 57 M Company owner 20 y √ √

F9 3 42 F Waitress 1 y √
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conducted by removing insulin-treated patients given their extreme
disease severity, and post-hoc sensitivity analysis removing outliers in the
outcome variable was also performed. There was no missing data for the
variables included in the multiple regression analyses. All significance tests
were two-tailed and a P value < 0.05 was considered statistically significant.
Data from the cross-sectional study were analysed using IBM Statistical
Package for the Social Sciences (SPSS) version 22.

RESULTS
Focus groups: participants
13 out of the 50 participants recruited withdrew from the focus
group interviews citing clash with work commitments; and
another six were not able to have their views included in the
study as the scheduled focus groups could not proceed due to
insufficient attendance. Eventually, nine focus groups involving 31
participants were covered in this study. As most of the focus
groups were conducted right after the screening sessions to
accommodate the schedule of working patients, group size
tended to be small, with a minimum of three [34]. The median
age was 54 (range 26–63), 14 (45%) were female, the average
disease duration was 10 years and 18 (58%) were insulin-treated. A
wide range of occupations were covered, with 16% from non-
skilled occupation groups, 49% from medium-skilled and 29%
from highly-skilled. The participants’ characteristics largely
reflected our heterogeneous sampling plan (Appendix 1);
although insulin-treated patients had been somewhat over-
represented and patients from highly-skilled occupation groups
had been under-represented (Table 1).

Focus groups: key themes
Five themes had been identified from the focus group discussion
over working conditions, eating patterns and glycaemic control.

First, eating out and eating at irregular time were considered as
the workplace eating patterns that were most detrimental to
glycaemic control. There was a clear consensus that eating out
was a major barrier to healthy diet, and consumption of home-
prepared meal (HPM) was beneficial for glycaemic control. Some
participants considered it possible to reduce the frequency of
eating out, although significant challenges were cited. Eating at
irregular time on the other hand was a non-modifiable situation
for the relevant patients since it was due to their job nature, e.g.,
when lunch hours depended on the volume of business/workload
of a particular day or flow of traffic.
Secondly, there was a strong sense of powerlessness among

patients eating out, as they felt they had little control over the
composition of restaurant meals, in particular the level of oil, sugar
and salt used, the sugary drinks and minimal amount of
vegetables that came in set meals. Certain coping strategies were
adopted by some patients, including asking for a smaller portion,
opting for food that was prepared with healthier cooking method
(e.g., steaming), avoiding food with lots of sauces. Most of the
patients however agreed that such strategies were not sufficient
to ensure that their meals were diabetes-friendly.
Thirdly, participants who consumed HPM found it possible to

have diets that were beneficial to glycaemic control. They felt that
they were able to control what they ate and showed a reasonable
level of confidence in adhering to healthy diet. Patients who
consumed HPM however were in the minority: 4 out of the 31
participants, and they were all female.
Fourthly, eating out was the only feasible meal option for some

patients due to some non-modifiable work location settings: no
fixed work location, and/or no suitable facilities. The absence of
fixed work location meant that patients had nowhere to store and
consume HPM. A notable example was drivers. Patients who were

Table 2. Summary of themes identified from focus group discussion over working conditions, eating patterns and glycaemic control (n= 31).

Themes Details Quotes

1. The what and the when: Eating out and
eating at irregular time as the workplace
eating patterns considered most detrimental
to glycaemic control

• Eating out: a major barrier to healthy diet,
and consumption of home-prepared meal
was beneficial for glycaemic control, some
due to non-modifiable work conditions
while some considered change possible

• Irregular hours: non-modifiable work
condition, overeat/snacking, hypo

“If I know it will be a busy day with lots of
goods to deliver, I would rather have a very
big breakfast, skip my lunch then have an
early dinner at around 5 pm. It sure does not
work well with my medication schedule.” (F5-
4, delivery truck driver)

2. The powerlessness with eating out • Little control over the composition of
restaurant meals, in particular the level of
oil, sugar and salt used

• Sugary drinks and minimal amount of
vegetables
• Some coping strategies but insufficient

“Even if you ask for “3-low” [low sugar, low fat,
low sodium], they may not be able to do it for
you in the restaurants. Many restaurants do
not serve vegetables in their lunch set, so I
usually eat more vegetables when I have
dinner at home” (F6-3, manager)

3. Those consuming home-prepared meal
(HPM) felt confident and in control

• Participants who consumed HPM found it
possible to have diets that were beneficial
to glycaemic control

• Not a common practice

“I find it much easier to have a healthy diet by
bringing in my own homemade lunch. I have
a lunch box with three compartments, and it
helps me to be clear with how much of what I
am eating.” (F5-1, travel agent ticketing
officer)

4. Eating out was inevitable for some primarily
because of work location settings

• For some patients, eating out was the only
meal option due to some non-modifiable
work location settings: no fixed work
location, and/ or no suitable facilities

“I eat out every day for lunch and just
anywhere near the construction site. We have
no table, no chair, no fridge, no microwave,
nothing! How do we bring in home-prepared
lunch?” (F7-4, construction site laborer)

5. HPM could be facilitated by more practical
dietary advice

• Some patients indicated that they did not
consider HPM because it was impossible to
adhere to the dieticians’ advice in meal

preparation
• Strong desire for the dietary advice to take
into account the actual life situation of
working patients

“What the dieticians said was completely
impractical. You could follow only if you don’
have to work. They don’t put themselves in
our shoes and only talk about ideals. “ (F9-1,
salesperson)
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professional drivers in the study reported that they could only visit
whatever eateries that were near their location on a particular day,
coupling with irregular meal hours for many.
Finally, there was strong sentiment that the dietary advice

received from dieticians in the hospital/clinic were impractical and
difficult to follow. For patients with work setting possible for HPM
but constantly ate out, many indicated that they did not consider
HPM because it was impossible to adhere to the dieticians’ advice
in meal preparation. They expressed a strong desire for the dietary
advice to take into account the actual life situation of working
patients (e.g., energy requirement at work). Unlike patients with
no fixed work location, a good number of patients might have the
potential to switch to HPM, if the difficulties they saw in following
dieticians’ advice could be ameliorated to some extent.
Table 2 summarized the details of each of the above theme

with quotes from participants. In summary, eating out in
restaurants/consuming HPM and having meals at irregular/regular
hours were the two workplace eating patterns identified as most
relevant to glycaemic control at the focus group interviews. Many
patients found the advice they obtained from dieticians imprac-
tical, creating a barrier to prepare HPM, coupling with some

Fig. 2 Thematic map of focus group interviews analysis. Eating
out was found to be the most common and relevant workplace
eating pattern that hindered glycaemic control among the focus
group participants. Those who ate out due to job nature had little
potential for changing this pattern, while those who ate out due to
impractical dietary advice might have the highest potential for
modification.

Table 3. Characteristics of participants in cross-sectional study (n= 185).

Regular HPM# Occasional HPM# Restaurant meal only Total p-trend‡

No. of subjects 39 (21.1) 21 (11.4) 125 (67.6) 185

Age (years)† 57.2 (4.9) 58.3 (4.5) 56.2 (6.5) 56.7 (6.0) 0.190

Male 22 (56.4) 14 (66.7) 100 (80.0) 136 (73.5) 0.003

Married 35 (89.7) 16 (76.2) 103 (82.4) 154 (83.2) 0.389

Born in Hong Kong 23 (59.0) 13 (61.9) 87 (69.6) 123 (66.5) 0.196

Education 0.944

Primary and below 6 (15.4) 6 (28.6) 20 (16.0) 32 (17.3)

Secondary 25 (64.1) 12 (57.1) 83 (66.4) 120 (64.9)

Tertiary 8 (20.5) 3 (14.3) 22 (17.6) 33 (17.8)

Income level 0.067

$0–9999 12 (30.8) 8 (38.1) 27 (21.6) 47 (25.4)

$10,000–29,999 23 (59.0) 12 (57.1) 75 (60.0) 110 (59.5)

$30,000 or above 4 (10.3) 1 (4.8) 23 (18.4) 28 (15.1)

Occupation 0.002

Non-skilled 16 (41.0) 7 (33.3) 18 (14.4) 41 (22.2)

Medium-skilled 15 (38.5) 10 (47.6) 69 (55.2) 94 (50.8)

Highly-skilled 8 (20.5) 4 (19.0) 38 (30.4) 50 (27.0)

Diabetes duration (years)† 6.2 (5.9) 7.8 (6.1) 6.7 (5.4) 6.7 (5.7) 0.743

HbA1c (%)† 6.62 (0.51) 7.16 (0.97) 7.08 (0.92) 6.99 (0.88) 0.010

Diabetes regimens 0.032

No medication 7 (17.9) 1 (4.8) 5 (4.0) 13 (7.0)

Diabetes drugs only 31 (79.5) 19 (90.5) 118 (94.4) 168 (90.8)

Insulin 1 (2.6) 1 (4.8) 2 (1.6) 4 (2.2)

Presence of comorbidities 32 (82.1) 17 (81.0) 95 (76.0) 144 (77.8) 0.396

Current smoker 6 12.0 4 4.3 34 82.9 44 23.8 0.112

At least one exercise/week 24 (61.5) 11 (52.4) 65 (52.0) 100 (54.1) 0.342

Shift work 10 (25.6) 1 (4.8) 14 (11.2) 25 (13.5) 0.046

Working hours†a 46.7 15.4 54.8 16.1 48.9 12.8 49.1 13.9 0.104

Fixed work location 38 (97.4) 12 (57.1) 80 (64.0) 130 (70.3) <0.001

Break during work 34 (87.2) 19 (90.5) 83 (66.4) 136 (73.5) 0.004

Regular meal hours 33 (84.6) 15 (71.4) 91 (72.8) 139 (75.1) 0.170

HPM home-prepared meal, data are N (%) unless specified otherwise.
†Mean (SD).
‡Differences between occupation groups assessed by Linear-by-Linear Association test or ANOVA test.
an = 178 due to missing data.
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unfavorable working conditions for some, such as long working
hours. For some patients, consuming HPM was not feasible
primarily because of their work location settings, which were not
non-modifiable. Similarly, eating at irregular hours was also
considered as inevitable due to job nature. A broader under-
standing over the relationship between the themes was presented
in a thematic map (Fig. 2). Findings from the focus group
interviews were fed into the design of the cross-sectional study.

Cross-sectional study: participants
In total, 422 type 2 diabetic patients were approached, with 185
patients with employment completed the questionnaire (Supple-
mentary Fig. 1 in Appendix 3). The characteristics of the study
participants were shown in Table 3, stratified by the eating pattern
of consuming HPM during work hours. Among 185 participants,
73.5% were male, with the mean (SD) age of 56.7 (6.0) and mean
(SD) diabetes duration of 6.7 (5.7) years. 21.1% of all participants
consumed HPM regularly during work hours and 67.6% consumed
only restaurant meals, with the rest having HPM occasionally.
Consumption of HPM during work hours was associated with
gender, occupation, diabetes regimen, and certain working
conditions: patients who were female (p= 0.03), in non-skilled
occupation (p= 0.002), taking no diabetic medication (p= 0.032),
on shift (p= 0.046), with fixed work location (p < 0.001) and had
break during work (p= 0.004) were more likely to consume HPM.

Cross-sectional study: workplace eating patterns associated
with HbA1c
A Kruskal–Wallis H-test indicated that there was a statistically
significant difference between HbA1c of patients consuming HPM
regularly and those consuming only restaurant meals (H(2) =
9.579, p= 0.008). In addition, there was a low, positive correlation
between diabetes duration and HbA1c, which was statistically
significant (rs= 0.299, p < 0.001) (Table 4). There was no group

Table 4. Correlation between independent variables and HbA1c level/
Comparison of HbA1c levels between groups categorized by different
independent variables (n= 185).

Test statistics p-value

Sociodemographic factors

Age (years) rs = −0.069 0.353

Sex U = 3212.0 0.709

Education (tertiary/secondary/primary) H(2) = 2.320 0.314

Income level (high/middle/low) H(2) = 0.290 0.865

Occupation (highly skilled/medium-
skilled/non-skilled)

H(2) = 3.799 0.150

Lifestyle factors

Cigarette consumption (smoker/non-
smoker)

U = 3009.5 0.765

Exercise outside home and work (yes/no) U = 3924.0 0.369

Disease condition

Prescence of comorbidities U = 2705.0 0.414

Diabetes duration (years) rs = 0.299 <0.001

Workplace eating patterns and related working conditions

Home-prepared meal (regular/
occasional/never)

H(2) = 9.579 0.008

Meal hours (regular/irregular) U = 2942.0 0.418

Work schedule (shift/non-shift) U = 1896.0 0.676

Work location (fixed/mobile) U = 3513.5 0.853

Break at work (break/no break) U = 2876.0 0.156

Working hours† rs = 0.033 0.662
†n = 178 due to missing data

Table 5. Hierarchical multiple linear regression models predicting HbA1c (n= 185).

HbA1c (%)

Model 1 Model 2 Model 3 Model 4

Variable B β B β B β B β

Age −0.069 −0.035 −0.085 −0.043 −0.055 −0.028 0.026 0.013

Sex −0.004 −0.027 −0.003 −0.022 −0.009 −0.063 −0.006 −0.039

Education level (primary) −0.021 −0.009 −0.058 −0.025 −0.032 −0.014 −0.132 −0.057

Education level (secondary) −0.204 −0.111 −0.223 −0.122 −0.226 −0.123 −0.288 −0.157

Occupation (non-skilled) −0.257 −0.122 −0.251 −0.119 −0.216 −0.103 −0.105 −0.050

Occupation (medium-skilled) −0.342 −0.195 −0.353 −0.202 −0.311 −0.178 −0.286 −0.163

Monthly income (HK$0–9999) 0.267 0.133 0.280 0.140 0.283 0.141 0.281 0.140

Monthly income (HK$10,000–29,999) 0.343 0.193 0.369 0.207 0.329 0.185 0.337 0.189

Current smoker 0.003 0.002 0.003 0.002 −0.004 −0.002

Exercise outside home and work −0.152 −0.087 −0.131 −0.074 −0.107 −0.061

Diabetes duration 0.037* 0.239 0.035* 0.226

Presence of comorbidities 0.120 0.057 0.103 0.049

Consumption of HPM (regular) −0.475* −0.221

Consumption of HPM (occasional) 0.002 0.001

R2 0.040 0.047 0.102 0.146

ΔR2 0.040 0.007 0.055* 0.044*

HPM home-prepared meal.
N = 185. *p < 0.05.
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difference in HbA1c for the other eating pattern identified, e.g.,
eating at regular/irregular hours, nor for the related working
conditions.

Hierarchical multiple linear regression—workplace eating
patterns predictive of HbA1c
A hierarchical multiple linear regression (enter method) was
performed to determine if consumption of HPM at workplace was
predictive of HbA1c, after adjusting for socio-demographic factors,
disease condition and lifestyle factors. See Table 5 for full details on
each regression model. Model 1 and Model 2, i.e., socio-
demographic and lifestyle factors, were not able to explain the
variance in HbA1c. Model 3, with the addition of disease duration to
the prediction of HbA1c, led to a statistically significant increase in
R2 of 0.055, F(2, 172) = 5.293, p= 0.006. Model 4, with the addition
of consumption of HPM at workplace to the prediction of HbA1c,
also led to a statistically significant increase in R2 of 0.044, F(2, 170)
= 4.339, p= 0.015. The full model (Model 4) was statistically
significant, R2= 0.146, F(14, 170) = 2.075, p= 0.015; adjusted R2=
0.076. Our results confirmed that regular consumption of HPM at
workplace could explain variance of HbA1c, independent of socio-
demographic factors, lifestyle factors and disease condition.
Appendix 4 demonstrated that our cross-sectional data met the

various assumptions for multiple linear regression, including tests
of linearity, homoscedasticity, multicollinearity, normality of
residues and outliers. It should be note that the three potential
outliers (defined as those with studentized deleted residuals
greater than ±3 standard deviations) were not removed from the
main analysis since they were neither high leverage points nor
influential points, and it was unlikely that the outliers existed due
to input error as they were retrieved directly from electronic
records of the clinic.
Sensitivity analyses were conducted by (a) removing insulin-

treated patients given their extreme disease severity (n= 181) and
(b) removing the outliers in the outcome variable described above
(n= 182). The results were largely similar to those from the main
analysis (Supplementary Table 1 in Appendix 5), indicating
robustness of the primary results.

DISCUSSION
Our analysis provided evidence that regular consumption of HPM
during work hours was associated with lower HbA1c level for
patients with type 2 diabetes, after adjusting for socio-
demographic factors, lifestyle factors and disease condition. It
had been found that consumption of HPM during work hours was
not a common practice, with female, non-skilled workers and those
with fixed work location, on shift and have break during work more
likely to do so. These working conditions however were not
associated with HbA1c. The absence of fixed work location and
impractical dietary advice were possible barriers to consumption of
HPM during working hours. Our study was the first to examine
workplace eating patterns in relation to HbA1c, thus shedding light
on how type 2 diabetic patients with employment could improve
their disease control. In the context of the COVID-19 pandemic, it
might be the case that consumption of HPM would bring “double
health benefits” for diabetic patients with employment: better
glycaemic control, and protection from COVID-19 through redu-
cing close contact exposures at restaurants [35].
Eating out had been on an upward trend globally, and was

associated with less healthy diet, including higher energy, higher
fat and lower micronutrient intake [36], increased diabetes risk
[37], and insulin resistance [38]. On the other hand, frequent
consumption of HPM was found to be associated with lower risk
of developing type 2 diabetes [39]. The impact of eating out on
glycaemic control of people with diabetes has however received
little attention; and with eating out being more common among
working population [40], the eating pattern of diabetic patients

with employment merited particular attention. Findings from our
study supported the promotion of HPM at workplace for better
glycaemic control, and provided some evidence that more
practical dietary advice and accommodation at work settings
might encourage consumption of HPM at workplace. Measures
should be taken to provide dietary advice, taking into account the
schedules and needs of working patients, e.g., easy-to-follow
cooking instructions and recipe, more discussion on the energy
needs of working patients with dieticians. In terms of workplace
accommodation, companies should be encouraged to facilitate
employees with diabetes to bring HPM, by providing space and
facilities for storage, processing and consumption. For patients
who could not switch to HPM due to their working conditions,
restaurant-based interventions should be considered, e.g., menu
labeling [41], increased healthy food choices [42].
The main strength of our investigation lied in its study design,

as the qualitative analysis enabled the quantitative study to focus
on questions relevant to the real-life situation of employed
diabetic patients, and the quantitative analysis confirmed some of
the findings from the qualitative study. Sampling from major
public hospital and clinic meant that our participants represented
a wide range of socio-economic background. Unlike other studies
on socioeconomic factors and glycaemic control, which were
often dominated by retired patients [43, 44], this study focused
specifically on working patients. Our study however was also
subject to a few limitations. We had no information on the
nutritional content, ingredients, and cooking methods used in the
HPM. However, it was clear from our qualitative study that patients
considered their diets much healthier when they ate at home, and
this was in line with a previous study which found an association
between cooking dinner at home and consumption of healthier
diet [45]. Second, confounding effects on HbA1c level from factors
not covered in our study could not be ruled out, e.g., genetic
determinants [46]. Third, as all predictor variables were self-
reported, there could be some measurement errors. Fourth, the
sample size for the cross-sectional study was relatively small,
especially for the number of patients consuming HPM, which
limited the generalizability of the study. Fifth, it had been noted
that while participants who did not consume HPM regularly had
higher mean HbA1c, a higher percentage of them were already on
diabetic drugs at the same time, as compared with those who
consumed HPM regularly. Our study was not able to verify if it had
any implications on the effectiveness of the regimen. Finally, the
observational nature of the study meant causal relationship
between HPM at workplace and HbA1c could not be established.
Our findings nonetheless pointed to the potential of larger scale
cohort studies in future, on the beneficial effect of consumption of
HPM during working hours for people with type 2 diabetes.

DATA AVAILABILITY
The data that support the findings of this study are not openly available for
protection of participants’ privacy over medical data; and are available from the
corresponding author upon reasonable request.
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