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Abstract

Background Cross-sectional research demonstrates associations between illness perceptions and glycemic control in people
with type 2 diabetes (T2D). Prospective studies are limited and show mixed findings. This study aimed to investigate (1)
whether baseline illness perceptions predicted glycemic control (HbAlc levels) at 6-12-month follow-up and (2) possible
differences in baseline illness perceptions between individuals who completed at least one HbAlc blood test during the
12-month follow-up and those who did not.

Methods A total of 115 individuals with T2D were recruited from an outpatient clinic. Demographic and clinical informa-
tion and illness perceptions were assessed at baseline. HbAlc was assessed at baseline and 12 months later from clinical
records. Hierarchical multiple linear regression examined associations between baseline illness perceptions and HbA 1c levels
at 6-12-month follow-up, controlling for age, sex, education, types of diabetes medication, and baseline HbAlc.

Results Univariate analysis showed perceived weight management effectiveness at baseline was associated with lower
HbAlc at follow-up (rho=-.25, p=.04, n=67). Adjusted multiple regression showed that HbAlc at baseline was the
only significant predictor of HbAlc at 6—-12-month follow-up (#=0.51, p <.001). There were no significant differences in
baseline illness perceptions between individuals who completed HbA1c blood tests during follow-up (n=78) and those who
did not (n=34), p>.05.

Conclusion Illness perceptions at baseline did not predict longitudinal HbA 1¢ in adjusted analyses, nor completion of HbAlc
tests. Results may be due to temporal variability in HbAlc and barriers to accessing blood tests.
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Introduction Alc test (HbAlc), which reflects the average blood glucose

level over approximately 3 months [1].

Type 2 diabetes (T2D) accounts for 90 to 95% of all cases
of diabetes. T2D is caused by relative deficiency of insulin
secretion by the beta cells and insulin resistance, resulting in
hyperglycemia (elevated glucose levels) [1]. Landmark trials
in T2D have demonstrated that strict glycemic control can
reduce the risk of diabetes-related complications [2]. Glyce-
mic control is assessed using the glycosylated hemoglobin
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The frequency of HbAlc testing varies based on illness
progression, treatment regimen, and clinician judgement.
The American Diabetes Association (ADA) recommends
that individuals with diabetes whose HbAlc levels are
within the target range perform HbAlc tests twice a year,
whereas those with HbAlc above the target range or are
on intensive treatment regimens should perform HbA1c test
every three months [1]. Guidelines also recommend indi-
viduals with diabetes test their blood glucose levels (self-
monitoring of blood glucose, SMBG), especially those with
type 1 diabetes (T1D) and insulin-treated T2D. Results from
such daily testing can be used to monitor treatment efficacy
and inform adjustments to medications, diet, and exercise
[1].

A growing body of psychological research based on Lev-
enthal’s common sense model of self-regulation (CSM) [3,
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4] has shown that the way people perceive an illness (illness
perceptions) play a role in how they cope with their illness
[5-8]. These perceptions are grouped into five core domains,
namely, illness identity (label and symptoms), timeline (per-
ceived duration), consequences (perceived effects), control-
lability (whether the illness can be cured or controlled via
treatment), and perceived causes. In parallel, individuals
also form emotional representations of their illness. The
CSM postulates that illness perceptions and emotional repre-
sentations guide coping processes (e.g., self-care behaviors),
which in turn affect health outcomes. In the CSM, people
are active problem solvers; they evaluate the effects of their
behaviors on their illness and modify their perceptions and
coping processes accordingly [3].

Previous reviews have shown that illness perceptions are
associated with glycemic control in people with diabetes [9,
10]. Individuals who perceive they can control their diabetes
tend to have more optimal glycemic control, whereas indi-
viduals who perceive diabetes to have severe consequences,
many symptoms, a cyclical timeline, and who are more con-
cerned and emotionally distressed tend to have suboptimal
glycemic control [10]. In addition, a recent review concluded
that illness perceptions are modifiable through theoretically
informed interventions that incorporate behavioral change
techniques, with personal and treatment control, coherence,
and chronic timeline perceptions being the most likely to
change in individuals with T2D [11].

Most of the evidence linking illness perceptions to glyce-
mic control in diabetes is from cross-sectional research. Four
longitudinal studies have investigated this relationship and
shown mixed results. Reasons for discrepancies in findings
may be related to whether the studies adjusted for baseline
HbAlc or not. Analyses adjusted for baseline HbA1c may
be more reflective of changes in HbAlc levels over time,
whereas analyses not controlling for baseline HbA 1c predict
absolute levels and results may be more similar to cross-
sectional analyses. Other reasons for differences in results
between studies may include whether the data has been taken
from intervention trials, the type of diabetes patients have,
and the timeframe over which the studies were conducted.

In terms of predicting HbA1c at follow-up, one study
with older adults with T2D found that greater treatment
effectiveness perceptions and perceiving one’s actions in the
past had caused their diabetes at baseline predicted more
optimal glycemic control levels at 4-month follow-up [12].
However, this study did not control for baseline glycemic
control levels [12]. A similar study with older adults with
T1D or T2D (who participated in a trial to improve dietary
self-management) assessed illness perceptions and HbAlc
at baseline, 3-, 9-, and 12-month follow-up [13]. This study
found that greater personal control perceptions at 9 months
predicted more optimal glycemic control levels at 12-month
follow-up in the adjusted analyses (controlled for baseline

glycemic control levels, age, sex, comorbidities, type of dia-
betes, and allocation group) [13]. These studies highlight the
importance of personal and treatment control perceptions in
predicting more optimal glycemic control. The importance
of control perceptions is consistent with findings from cross-
sectional studies [10, 14-17].

The two further longitudinal studies found that baseline
illness perceptions predicted psychological outcomes but not
glycemic control at follow-up. The first study included indi-
viduals recently diagnosed with T2D (who participated in
a multicenter cluster trial and assessed at baseline, 4, 8, 12,
and 36 months), and found the perceived impact of diabetes
at 4 months predicted depression and distress symptoms at
36-month follow-up in the adjusted analyses (controlled for
demographic variables and outcomes values at 4 months). In
this study, however, illness perceptions at 4 months did not
predict glycemic control levels at 36-month follow-up [18].
A further longitudinal study with adults with T1D reported
that baseline consequences and personal control perceptions
were not related to changes in glycemic control levels over
a 5-year period using cross-lagged analysis [19]. Instead,
analysis showed that greater personal control perceptions at
baseline predicted a relative decrease in self-reported treatment-
related problems, and greater consequences perceptions
at baseline predicted a relative increase in treatment-
and food-related, emotional, and social support problems
and depressive symptoms 5 years later in the adjusted anal-
yses [19]. Together, these two studies suggest that control
and consequences perceptions may predict diabetes-specific
distress and depressive symptoms but not HbA 1c or changes
in HbAlc levels.

There is no prospective research exploring whether illness
perceptions are related to the frequency of HbAlc testing (a
measure of adherence to HbA 1¢ testing recommendations).
Available evidence from cross-sectional studies shows
mixed results regarding the relationship between illness per-
ceptions and SMBG [20]. Perceiving treatment as effective
[21, 22] and perceiving diabetes as a chronic condition [23]
were associated with more frequent SMBG. Other studies,
however, did not find these associations [12, 24, 25].

There is a need for further longitudinal studies to examine
the relationship between illness perceptions and glycemic
control to help to establish the temporality of associations.
We conducted a 12-month follow-up study of a sample of
individuals with T2D to investigate these associations. In a
previous analysis of cross-sectional data from this sample,
lower perceptions that insulin therapy could control diabetes
and more cyclical timeline perceptions were associated with
higher HbAlc levels [26].

This prospective observational study aimed to (1) inves-
tigate whether baseline illness perceptions predicted glyce-
mic control in this sample of individuals with T2D at 6-12-
month follow-up adjusted for baseline levels of HbAlc, and
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(2) investigate possible differences in baseline illness percep-
tions between individuals who completed at least one HbAlc
blood test during the 12-month follow-up and those who did
not. Based on previous work [12], it was hypothesized that
treatment control perceptions would longitudinally predict
glycemic control. No clear hypotheses were developed on
how baseline illness perceptions may differ between the two
groups given the lack of research exploring this question.
A novel aspect of this study is that it was conducted with
Saudi adults with T2D, an underrepresented group in the
behavioral medicine literature. It adds to the few longitudi-
nal studies conducted to date in the USA, UK, and Belgium.

Methods

This study used a prospective observational design. The
method of baseline data collection has been reported in full
elsewhere [26]. In brief, participants were recruited using
convenience sampling from a diabetes outpatient clinic in
February and March 2019 in Najran, Saudi Arabia. Partici-
pants were included if they were 18 years of age or older,
had a formal T2D diagnosis for 1 year or longer, and were
prescribed medication to manage their diabetes. Participants
were excluded if they were pregnant or too ill on the day of
recruitment. Participants did not receive any form of com-
pensation. This study was approved by King Fahad Medical
City Institutional Review Board (IRB 20-405E) to extract
HbA 1c results from medical charts in June 2020. All partici-
pants provided written consent in the original cross-sectional
study in 2019 (IRB 18-353E) [26].

The sample size was calculated using G*Power software
[27] based on previous cross-sectional research with South
Asian individuals with T2D [28]. The current study was
powered to detect a correlation of 0.26 between personal
control perceptions and HbAlc with 80% power and 0.05
significance level.

Measures

At baseline, participants provided information regarding age,
sex, marital status, educational level, employment status,
and monthly income and completed the Brief Illness Percep-
tion Questionnaire. Clinical data including body mass index
(BMI), duration of diabetes, type and number of diabetes
medications, number of comorbid conditions, and diabetes-
related complications were extracted from medical charts
at baseline.

lliness Perceptions

The Arabic version of the Brief Illness Perception Question-
naire (B-IPQ) was used to measure participants’ perceptions
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of T2D [29]. The questionnaire includes nine items, with the
first eight items assessing cognitive and emotional percep-
tions (personal control, treatment control, coherence, con-
sequences, timeline, illness identity, concern, and emotional
response) [14]. These items are scored using a scale from
0 to 10, with higher scores indicating stronger perceptions.
The last item, an open-ended question, requires participants
to list the three most likely causes of T2D [14]. Participants’
responses were categorized into four groups (psychosocial
factors, behavioral factors, hereditary factors, and God’s
will). The original English version [5, 14] and the Arabic
version of the B-IPQ [29] have shown robust psychometric
properties.

Six items were added to the B-IPQ based on previous
research. One item asked about perceptions of the cycli-
cal nature of T2D (“How much do your diabetes symptoms
change from day to day?”) and scored using a scale, where
0=very stable and 10=very changeable. This item was
based on the cyclical timeline domain, which is measured
in the Revised Illness Perception Questionnaire [30], and
previous research has shown to have a negative association
with glycemic control [10]. The remaining five items asked
about perceptions regarding the effectiveness of self-care
behaviors (“How much do you think your [oral medications;
insulin injections; healthy diet; weight management; and
physical activity] can help your diabetes?”) [15, 31]. Format
and scoring of these questions were similar to the original
B-IPQ items, where O=not at all and 10 =extremely helpful.
Higher scores indicate stronger perceptions.

Glycemic Control (HbA1c Levels)

Participants’ HbAlc levels were extracted from medical
charts at baseline and 12-month follow-up. HbAlc levels
of 8% or greater indicated suboptimal glycemic control [1].

Statistical Analysis

Data were analyzed using IBM SPSS Statistics (version
27). Data were assessed for normality and homoscedastic-
ity using Kolmogorov—Smirnov and Levene’s tests. Pearson
correlations, #-tests, and one-way ANOVAs were conducted
for relationships between demographic and clinical variables
and HbAlc at 6-12-month follow-up. Because illness per-
ception item scores were not normally distributed, Spearman
correlation analyses were conducted when exploring cor-
relations between baseline illness perceptions and HbAlc
at 6—12-month follow-up. One-way ANOVAs were used to
explore the baseline causal beliefs (categorical) and HbAlc
at 6—12-month follow-up. A hierarchical multiple linear
regression was conducted to examine whether baseline ill-
ness perceptions predicted HbA 1¢ levels at follow-up, adjust-
ing for age, sex, education, type of diabetes medication, and
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baseline HbAlc. For the above analyses, only participants
with HbAlc data between 6 and 12 months after baseline
were included. A series of Mann—Whitney U and chi-square
tests were used to compare baseline illness perceptions and
causal beliefs between participants who completed at least
one HbA 1c blood test during the 12-month follow-up period
and those who did not. Participants with missing data were
excluded from the analysis, hence sample sizes varied across
analyses as reported in the results. Statistical significance
was set at p <0.05 (two-tailed).

Results

Figure 1 shows participants’ enrolment from recruitment to
follow-up. Of the 173 individuals approached in the initial
cross-sectional study, 46 individuals did not meet the inclu-
sion criteria. Of the 127 eligible participants, 115 participants

provided informed consent to participate [26]. Three partici-
pants died during the 12-month follow-up and hence were
excluded from the analysis. The final analytical sample at follow-
up consisted of 112 participants, of whom 67 participants
had HbA1c blood test results within 6—12 months after base-
line, whereas 11 participants had HbA1c blood test results
available in less than 6 months after baseline. Thirty-four
participants did not have any HbA1c blood test results avail-
able in their medical charts during the 12-month follow-up.
The mean age was 56 years (SD 12.38), with 58% male
participants. The mean BMI was 30.89 (SD 5.11), and
the mean time since diagnosis was 10.16 years (SD 7.12).
More than half of participants (56%) were prescribed a
combination of oral medications and insulin therapy, with
43% of participants taking three or more diabetes medica-
tions. Significant comorbidities, including hypertension
and dyslipidemia, were common, and 20% of participants
had two or more comorbid conditions. Complications were

Fig. 1 Flow chart of partici-
pants throughout the study. The
analytical sample included

Assessed for eligibility (n=173)

participants with HbAlc

data < 6 months after baseline
(n=11), participants with

HbA 1c within 6-12 months
after baseline (n=67), and par-

Excluded (n= 46)
e Had Type 1 diabetes (n=22)
Had Type 2 diabetes for less than a year (n= 6)

ticipants without HbAlc data
after baseline (n=234)

h 4

Unwell on the day of recruitment (n= 8)
Not taking diabetes medications (n= 7)
Pregnant (n= 3)

Did not consent (n= 12)

Recruited at baseline (n=115)

o All participants completed the B-IPQ at
baseline

y

e HbAlc levels closest to baseline timepoint
were extracted from medical charts for all
participants

Followed up for 12 months (n=115)

A4

e Died (n=3)

Analytical sample (n=112)
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also common among participants, including coronary heart
disease, retinopathy, and nephropathy, with 39% of partici-
pants having two or more complications. Sample charac-
teristics at baseline are shown in Table 1.

The mean HbAlc level at baseline for the whole sam-
ple was 8.72% (SD 1.38), with 67% of participants exhibit-
ing suboptimal glycemic control (HbAlc>8%). Over the
12-month follow-up, mean HbAlc slightly decreased for

Table 1 Demographic and clinical characteristics of the sample, stratified by whether or not participants had HbAlc data at follow up

Percentage (n) unless stated otherwise

Age (mean/SD)
Sex
Male
Female
Marital status
Married
Not married
Education level
literate
Read and write only
High school
Tertiary education
Employment
Employed
Unemployed
Retired
Income (SAR)?
10,000 or less
> 10,000
BMI (mean/SD)
Normal weight
Overweight
Obese

Baseline HbAlc (mean/SD)
Time since diagnosis (years) (mean/SD)

Type of medication
Oral medication only

Oral medication and insulin therapy

Number of medications
One
Two
Three or more
Number of complications
None
One
Two or more
Number of comorbidities
None
One

Two or more

Total sample at follow-up Follow-up HbA1c data available Difference
(t-test or )(2)
n=112 Yes (n="78) No (n=34)
56.05 (12.38) 57.13 (12.42) 53.59 (12.11) —1.40N8
0.28NS
58% (65) 56% (44) 62% (21)
42% (47) 44% (34) 38% (13)
0.02M8
71% (80) 72% (56) 71% (24)
29% (32) 28% (22) 29% (10)
7.16M
24% (27) 27% (21) 18% (6)
31% (34) 34% (27) 21% (7)
22% (25) 22% (17) 23% (8)
23% (26) 17% (13) 38% (13)
0.54N8
29% (32) 27% (21) 33% (11)
37% (42) 37% (29) 38% (13)
34% (38) 36% (28) 29% (10)
235N
61% (68) 65% (51) 50% (17)
39% (44) 35% (27) 50% (17)
30.89 (5.11) 30.51 (5.07) 31.78 (5.16) 2.14N8
13% (14) 14% (11) 9% (3)
33% (37) 36% (28) 26% (9)
54% (61) 50% (39) 65% (22)
8.72 (1.38) 8.68 (1.33) 8.81 (1.49) 0.44NS
10.16 (7.12) 10.00 (6.85) 10.53 (7.81) 0.36NS
0.04S
45% (51) 46% (36) 44% (15)
55% (61) 54% (42) 56% (19)
4.25NS
4% (5) 6% (5) 0%
53% (59) 54% (42) 50% (17)
43% (48) 40% (31) 50% (17)
1.70N8
29% (32) 32% (25) 21% (7)
32% (36) 29% (23) 38% (13)
39% (44) 39% (30) 41% (14)
1.82N8
36% (40) 40% (31) 26% (9)
44% (49) 36% (28) 62% (21)
20% (23) 24% (19) 12% (4)

NS not significant
#Saudi Riyal
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Table 2 Glycemic control as measured by glycosylated hemoglobin (HbA1c) levels at baseline and follow up
Mean (SD) at baseline Mean (SD) at follow up Mean change in ~ Suboptimal
glycemic control  glycemic control
(=8%)
%, n

Whole sample (n=112)
Participants with HbAlc data after baseline (n=78)*

Participants with HbAlc data within 612 months
after baseline (n=67)

8.72% (1.38)
8.68% (1.33)
8.63% (1.36)

67.86% (76)
57.69% (45)
58.21% (39)

8.48% (1.63)
8.52% (1.70)

0.20% (1.36)
0.11% (1.45)

This sample included participants with HbAlc data<6 months after baseline (n=11) and those with HbAlc data within 6-12 months after

baseline (n=67)

participants who had HbAIc blood tests during the 6—12-
month follow-up; #(66) =—-0.64, p=0.53), equating to a
mean decrease of 0.11% as shown in Table 2.

Predicting HbA1c at Follow-Up from Baseline lliness
Perceptions

None of the demographic variables was associated with
HbA1c levels at follow-up (p > 0.05). Of the clinical vari-
ables, type of diabetes medication was associated with
HbAlc levels (r=0.28, p=0.02). Participants who were
prescribed a combination of oral and insulin therapy (mean
HbA1c 8.93, SD 1.58) compared with those who were only
prescribed oral medications (mean HbAlc 7.98, SD 1.73)
had significantly higher HbA1c at follow-up #65)=—-2.33,
p=0.02. As expected, HbAlc at baseline was associated
with HbAlc at follow-up (r=0.57, p <0.001).

More cyclical timeline perceptions (Spearman’s
rho=0.20, p=0.03) and lower perceptions that insulin
therapy could control T2D (r=—-0.26, p=0.04) at baseline
were associated with higher HbAlc levels at baseline (as
reported earlier [26]). However, illness perceptions were not
associated with HbA 1c at 6-12-month follow-up, except for
perception of weight management effectiveness (Table 3).
Perceiving weight management as an effective approach to
controlling T2D was associated with lower HbA1c at follow-
up (r=-0.25, p=0.04).

A series of one-way ANOVAs were conducted to examine
the relationships between reported causal beliefs at base-
line and HbAlc levels at follow-up. Of the 67 participants
with HbAlc data at 6—12-month follow-up, 46 participants
answered the causal B-IPQ item at baseline. There were
no significant differences in HbAlc levels at 6-12-month
follow-up between participants who cited psychosocial fac-
tors, behavioral factors, hereditary factors, or God’s will as
causing their diabetes and those who did not (Table 4).

In the hierarchical multiple linear regression with HbAlc
at follow-up as the dependent variable, covariates includ-
ing age, sex, education, type of diabetes medication, and
baseline HbAlc were entered in Model 1 and perceptions

of weight management effectiveness were added in Model 2
(Table 5). Model 1 was significant (p <0.001) and accounted
for 36.6% of the total variance in HbAlc levels at follow-up.
In terms of individual predictors, only baseline HbAlc was
associated with higher HbA1c levels at follow-up (5=0.51,
p<0.001). Model 2 was also significant (p <0.001), explain-
ing 36.8% of the total variance in HbAlc levels at follow-
up. Perceptions of weight management effectiveness did not
improve the prediction model, R?A=0.001, p=0.74. Base-
line HbA 1c remained the only significant predictor of higher
HbAc at follow-up (f=0.51, p<0.001).

A series of Mann—Whitney U and chi-square tests were
conducted to examine whether participants who completed
at least one HbA Ic blood test during the 12-month follow-
up (n="78) and those who did not (n =34) differed in terms
of baseline illness perceptions and causal beliefs. The two

Table 3 Spearman correlations between baseline illness perceptions
and HbAc at baseline (n=115) and 6—12 months follow up (n=67)

Baseline perceptions HbAlc at HbAc at fol-

baseline low up

r pvalue r p value
Consequences A1 .26 —-.06 .62
Timeline (acute/chronic) .09 .36 .08 .53
Personal control -07 .47 .05 .70
Treatment control -10 .27 .06 .65
Illness identity .10 .28 -.05 .67
Concerns 12021 —-.06 .64
Coherence .08 .42 —-.06 .61
Emotional response .03 .73 -.14 .26
Cyclical timeline 20 .03 -01 93
Oral medication effectiveness .002 .98 —-.06 .66
Insulin effectiveness® -26 .04 -.15 .36
Diet effectiveness -01 .93 -12 33
Weight management effectiveness —.14 .13 -25 .04
Physical activity effectiveness -09 35 -19 .12

%62 and 38 total valid responses at baseline and follow-up, respec-
tively, because only participants prescribed insulin completed this
item
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Table4 One-way ANOVA

. Perceived causes
analyses between causal beliefs

Belief endorsed

Belief not endorsed

at baseline and HbA lc levels at n  HbAlcMean (SD) n  HbAlc Mean (SD) F statistic, significance 7
6-12 month follow-up (n=46%)
Psychosocial factors 2 7.60 (0.14) 44 8.49 (1.73) F(1,44)=0.52,p=.48 .012
Behavioral factors 24 8.57(1.70) 22 8.31(1.73) F(1,44)=0.26, p=.61 .006
Hereditary factors 32 8.48 (1.68) 14 8.36 (1.80) F(1,44)=0.05,p=.83 .001
God’s will 13 8.89(1.58) 33 8.27(1.73) F(1,44)=1.25,p=.27 .028

#? eta squared

#Only 46 of the 67 participants with HbAlc data at 6-12 months follow-up answered the causal B-IPQ

item at baseline

groups did not differ in any of the demographic and clinical
variables (Table 1). There were no significant differences in
any of the illness perceptions or causal beliefs between the
two groups (p>0.05) (Tables S1 & S2 in Electronic Sup-
plementary Material).

Discussion

This study examined (1) whether baseline illness perceptions
predicted glycemic control at 12-month follow-up among
individuals with T2D and (2) examined differences in base-
line illness perceptions between individuals who had an
HbAc test done during the 12-month follow-up and those
who did not. The findings did not support the hypothesis
that baseline treatment control perceptions would predict

glycemic control at follow-up. Of all the treatment percep-
tions (oral medication, insulin therapy, physical exercise,
healthy eating, and weight management), only perceiving
weight management as an effective approach to control-
ling T2D at baseline was associated with lower HbAlc at
6—12-month follow-up. This relationship, however, was not
significant when controlling for age, sex, education, type
of diabetes medication, and baseline HbAlc in the regres-
sion analysis. Baseline illness perceptions and causal beliefs
did not significantly differ between individuals who had an
HbA1c blood test done during the 12-month follow-up and
those who did not.

One reason for the non-existent longitudinal associations
between illness perceptions and glycemic control may be
due to reduced power caused by attrition and a high num-
ber of participants without HbAlc blood tests during the

Table 5 Hierarchical multiple linear regression with HbAlc at follow-up as the dependent variable (n=67)

Predictor Model 1 Model 2
B (SE) p 95% CI B (SE) p 95% CI
Age —0.01 (0.02) —-0.09 —-0.05, 0.03 —0.01 (0.02) —-0.11 -.06, 0.03
Sex (Male) -0.8 (0.39) -0.02 —-0.85, 0.69 —0.07 (0.39) -0.02 -0.85,0.72
Education
Illiterate -0.23 (0.77) —-0.06 —1.78,1.32 —-0.19 (0.79) -0.05 -1.77,1.38
Read and write only ~ —0.26 (0.62) -0.07 —1.50, 0.97 —0.26 (0.62) -0.07 —1.51,0.99
High school 0.32 (0.61) 0.08 -0.92, 1.54 0.31 (0.62) 0.08 -0.94, 1.55
Tertiary education Reference group Reference group
Type of medications 0.29 (0.40) 0.09 -0.52,1.10 0.28 (0.431 0.08 —0.54, 1.09
Baseline HbAlc 0.68" (0.15) 0.51 0.35, 0.93 0.63" (0.15) 0.51 0.34, 0.93
B-IPQ
Weight management —0.02 (0.07) —0.04 -0.17,0.12
effectiveness
R 0.366 0.368
F statistic F (7,59)=4.87, p<.001 F (8,58)=4.21,p<.001
R?A 0.001
FA FA (1,58)=0.11, p=.74

B-1PQ Brief Illness Perception Questionnaire, B unstandardized coefficient, SE standard error, f# standardized beta coefficients, CI confidence

interval, R? R square; R’A R square change, FA F change

“p<.001
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follow-up. To detect a small-medium size effect (r=0.26)
with 80% power and 0.05 alpha in a multiple linear regres-
sion at follow-up (with 12 predictors), our sample of 112
participants would have been optimal. However, about 41%
of our sample was lost to follow-up (either died, had HbAlc
data in less than 6 months after baseline, or did not have
HbAlc data after baseline at all). Another possible reason
is that HbAlc is variable over time that perceptions are
dependent on current HbAlc levels. It could be that current
symptoms, HbAlc levels, and complications are driving per-
ceptions rather than the other way around. It is important to
note that in the CSM, people are active problem solvers and
the results of their actions feedback to inform perceptions
and coping processes.

Previous literature on illness perceptions has highlighted
the importance of differentiating between “hard” outcomes
(e.g., HbAlc) and “softer” outcomes (e.g., quality of life)
[32]. This came as a result of findings of a meta-analytical
review that found illness perceptions were often strongly
associated with psychological outcomes such as psychologi-
cal distress and wellbeing but unrelated or weakly related
to HbAlc [9].

There is only limited longitudinal research, based on the
CSM, investigating the relationships between illness per-
ceptions and subsequent glycemic control in diabetes. Our
findings are consistent with previous studies that did not find
associations between baseline illness perceptions and sub-
sequent glycemic control in individuals with T2D at 3 years
[18] or changes in glycemic control at 5 year follow-up in the
adjusted analyses [19]. However, our findings contrast with
other research that reported higher treatment effectiveness
[12] and control perceptions [13] predicted lower subsequent
HbAIc levels in older individuals with diabetes after three or
four months respectively. This suggests longitudinal associa-
tions may weaken with time.

It has been suggested that beliefs about the effectiveness
of self-care behaviors (e.g., exercise and weight manage-
ment) could be more important than perceptions about the
illness itself as they have been shown to explain more vari-
ance above and beyond that explained by illness perceptions
in a 1-year prospective study [31]. In this study, individuals
who believed that physical activity, eating smaller quantities
of food, and avoiding fatty foods were important in control-
ling diabetes reported greater subsequent exercise levels.
This study, however, did not investigate the longitudinal
associations between illness perceptions, beliefs about self-
care behaviors, and glycemic control [31].

Furthermore, causal beliefs as assessed by the B-IPQ
were not associated with HbAlc at follow-up in the pre-
sent study, similar to results from the cross-sectional
analysis [26]. A review previously noted that illness per-
ception research in diabetes and other conditions has often
omitted the B-IPQ item on causal beliefs [5]. Previous

cross-sectional research has shown that causal beliefs are
related to adherence to self-care behaviors [25, 33]. In one
prospective study, believing one’s actions in the past had
caused their diabetes (personal responsibility for causing
diabetes) was associated with lower HbA1lc four months
later in older adults, more in females than males; however,
this study did not control for baseline HbAlc [12].

Several explanations could be highlighted to explain the
differences in the longitudinal results from the present study
and the Hampson et al. studies. First, although Hampson
et al. [12] included individuals with T2D, the sample was
older, predominantly female, with the majority having at
least high school level education, lower baseline HbAlc, and
shorter duration of diabetes in contrast to the current sample.
The Hampson et al. [12] also did not collect HbA ¢ at base-
line and therefore did not control for it in the analyses. Sec-
ond, in their other study, Hampson et al. [13] included older
individuals with T1D and T2D with lower mean HbAlc
at baseline (mean HbAlc 7.92%) compared to our sample
(mean HbA1c 8.72%). Recent research has also shown that
illness perceptions may differ between the two types of dia-
betes, with worse and more threatening perceptions of dia-
betes in individuals with T2D than individuals with T1D
[23]. Third, the Hampson et al. studies [12, 13] investigated
the relationship between illness perceptions and glycemic
control in a short term (over 3 and 4 months), whereas par-
ticipants in the current study were followed for 12 months.
Finally, differences might also be explained by the fact that
the Hampson et al. studies [12, 13] used the Personal Models
of Diabetes Interview (PMDI) [22], whereas we used the
B-IPQ [14] to assess illness perceptions. The B-IPQ is a
theoretically informed measure that has evolved over time to
incorporate new evidence regarding the importance of other
perception domains. The B-IPQ is widely used in diabetes
research and has demonstrated good psychometric properties
yet may have reduced variance [5].

Illness perceptions and causal beliefs did not significantly
differ between individuals who had at least one HbA I¢ blood
test done during the 12-month follow-up and those who did
not. This finding is consistent with earlier research [34] but
contrary to other research that showed illness perceptions
were associated with clinic non-attendance. For example, in
T1D, shorter timeline, lower personal and treatment control,
and more severe consequence perceptions were associated
with clinic non-attendance [35]. Another study in T1D and
T2D found that worse emotional response was associated
with an increased risk of clinic non-attendance [36].

It is concerning that about a third of participants in the
current study did not have any HbA1c blood tests recorded
in their medical charts during the 12-month follow-up. It
is recommended that individuals with diabetes perform at
least two HbA1c blood tests annually [1]. The lack of test
results may indicate inadequate adherence to HbA 1c testing
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recommendations and/or clinic non-attendance. Other rea-
sons for lack of test results may include treating clinicians
forgetting to give blood test referrals, patient forgetfulness,
lack of transportation, or busy work schedules. It is also
worth noting that HbA 1¢ follow-up data were collected dur-
ing the COVID-19 pandemic, where the first confirmed case
in Saudi Arabia was reported on March 2, and by June 28,
2020, there were 182,493 confirmed cases and 1551 deaths
[37]. Therefore, it is possible that COVID-19 restrictions
may have prevented some individuals from attending their
diabetes clinic appointments in this study.

Clinic non-attendance is a common problem in diabetes
[38, 39]. It is associated with inadequate adherence to medi-
cation and self-monitoring of blood glucose and suboptimal
glycemic control, which all contribute to life-threatening
diabetes-related complications [40]. Systematic reviews
have identified several factors associated with clinic non-
attendance, including patient factors (e.g., socioeconomic
status, knowledge, health literacy, and health beliefs, and
perceptions), disease-related factors (e.g., treatment regimen,
comorbidities, and HbAlc level), and healthcare provider
factors (e.g., poor communication, long interval to appoint-
ment, and healthcare provider’s attitudes and behaviors) [38,
41-43]. Healthcare providers and systems should utilize a
range of interventions that are known to reduce clinic non-
attendance both at the patient level (e.g., SMS and telephone
reminders) and the healthcare system level (e.g., clinician
continuity, efficient register, and recall system and online
clinics) [38, 41, 44, 45].

There are strengths and limitations to the current study.
Strengths of the study lie in its longitudinal design and the
use of validated measures to assess illness perceptions and
glycemic control. Second, each B-IPQ item was scored and
analyzed separately as recommended by the scale’s authors,
rather than calculating a total score whereby information is
lost about the perceptions most strongly linked to outcomes
[5]. We also included and analyzed responses on the causal
item of the B-IPQ, which research on illness perceptions in
diabetes has often omitted. Finally, this study was conducted
in Saudi Arabia, where T2D is a major issue and research on
illness perceptions is relatively new.

A limitation is that although the initial cross-sectional
study was adequately powered, due to attrition and the num-
ber of individuals without HbA1c blood test results at fol-
low-up, the sample size was reduced significantly. Further-
more, illness perceptions were assessed only at baseline, and
hence, we are unable to comment on how illness perceptions
changed over time and whether these changes were related
to HbAlc at follow-up. Larger prospective studies are war-
ranted to boost statistical power and extend these findings.
Future research should assess whether changes in illness per-
ceptions over time are related to changes in glycemic control
over multiple time points in a more representative sample of

@ Springer

adults with T2D. This may help to assess the temporality of
associations between illness perceptions and HbAlc.
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