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Introduction: Diabetes prevalence in Iraq is high, yet culturally adapted and psychometrically validated health literacy (HL) tools for
people with diabetes remain limited. The Jordanian Diabetic Health Literacy Questionnaire (JDHLQ) assesses informational and
communicative HL but omits numeracy.

Purpose: To adapt and validate the Iraqi Diabetic Health Literacy Questionnaire (IDHLQ), based on the JDHLQ, which incorporates
a numeracy domain, for use among adults with type 2 diabetes in Iraq.

Patients and Methods: A cross-sectional study recruited 473 adults with type 2 diabetes from endocrinology clinics across Iraq.
Participants were 52.7% female with a median age of 50 years (IQR: 31-60). The 11-item IDHLQ was validated using exploratory
factor analysis, Rasch modeling, and Cronbach’s alpha. Linear regression examined sociodemographic predictors.

Results: A three-factor model emerged, representing informational, numeracy, and communicative health literacy, with internal
consistency ranging from o = 0.70 to 0.86. Rasch analysis showed item separation reliability of 0.87-0.95 and person reliability of
0.65-0.82. The median score was 33 (IQR: 28-36) out of 44. Monthly income predicted HL ( = 0.16, p = 0.003), while age, gender,
education, and marital status were nonsignificant.

Conclusion: The adapted IDHLQ is a reliable and valid instrument for assessing multidimensional diabetic health literacy among
Iraqi adults. Its use in clinical and public health settings could inform patient education strategies and guide policy development to
reduce disparities in diabetes outcomes.
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Introduction
Diabetes mellitus (DM) is a growing global public health problem and one of the most common chronic diseases, with
prevalence projected to reach 642 million by 2040." The World Health Organization (WHO) defines DM as a chronic
metabolic disorder characterized by high blood glucose levels and impaired insulin production, function, or both.? In the
Middle East and North Africa, diabetes is estimated to affect more than 70 million people by 2040." In Iraq, as in many
countries in the region, diabetes rates have increased significantly. Estimates indicate that about 17% of adults are
affected, with 8.1% undiagnosed. This highlights the urgent need for effective disease management strategies that
emphasize patient-centered education and active involvement.’

The effective management of type 2 diabetes mellitus (T2DM) depends on patients’ ability to understand and act on
health information, a concept known as health literacy (HL).* Diabetic HL and numeracy involve a wide range of

cognitive and social skills, including understanding educational materials, communicating with healthcare providers, and
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performing numerical tasks such as adjusting medication doses, calculating carbohydrate intake, and interpreting blood
glucose monitoring results.” The burden of managing T2DM and its potential for severe complications such as blindness,
heart attacks, strokes, kidney failure, reduced lung function, and lower extremity amputations,®” highlights the
significant impact of HL and numeracy in the proper management of T2DM. Effective disease control requires consistent
self-care efforts, including maintaining a healthy diet, adhering to prescribed medications, exercising regularly, and
achieving optimal blood sugar control.'®'" HL and numeracy play a pivotal role in enhancing patients’ ability to
understand complex aspects of their disease management, improve their emotional well-being, and gain the essential
knowledge needed to manage their condition. Existing evidence consistently demonstrates that inadequate health literacy
and numeracy are associated with poorer medication adherence, suboptimal glycemic control, increased complication
rates, and higher healthcare utilization.'* On the other hand, interventions targeting diabetes health literacy and numeracy
have been shown to improve self-care behaviors, treatment adherence, and clinical outcomes, supporting the need for
culturally adapted and psychometrically validated assessment tools."*

Previous studies have also demonstrated that higher levels of HL are linked to more informed decision-making and
better quality of life.'*!

Despite the critical role of HL in diabetes outcomes, there is a lack of culturally and linguistically tailored tools to
assess HL in Arabic-speaking populations such as the Iraqi population. Moreover, the currently available tools often fail
to capture the full spectrum of these skills. The Jordanian Diabetic Health Literacy Questionnaire (JDHLQ) was
developed and validated to address this gap within the Jordanian context, covering two important domains: the
informative domain, which assesses the ability to understand and evaluate diabetes-related information, and the com-
municative domain, which evaluates patients’ ability to express and exchange information with healthcare providers.'?
While the JDHLQ represents a significant advancement in enhancing HL among Arabic-speaking diabetic patients, it
does not assess numeracy, which is a fundamental component of diabetic self-care.'> Additionally, the generalizability of
this tool to other Arabic-speaking populations, such as Iraq, with variations in healthcare systems, remains to be
explored. Therefore, cross-cultural validation is crucial before the JDHLQ items can be effectively used in Iraq, as
even subtle cultural and linguistic differences can affect how respondents understand questionnaire items.'®

Previous research has demonstrated that even when questionnaires are developed in linguistically similar settings,
cross-cultural adaptation remains essential due to differences in healthcare systems, educational structures, and patient—
provider interactions.!” According to an established methodological guideline for the process of cross-cultural adaptation,
translation alone is insufficient, as self-report health measures are highly influenced by healthcare organization, patient
education programs, and cultural norms.'® Studies that have adapted diabetes-related health literacy tools have shown
that variations in diabetes education, access to healthcare, and communication practices can significantly influence how
patients interpret questionnaire items.'>'® There are notable differences between diabetes education and care practices in
Jordan and Iraq. In Iraq, the development and validation of a culturally specific diabetes self-management education and
support (DSMES) program has been driven by the recognition that poor diabetes knowledge among patients is largely
attributable to the lack of existing structured education resources and support programs.'® In contrast, diabetes care and
education in Jordan are more systematically incorporated into routine clinical practice, evidenced by documented quality
of care study that describe organized patient education, routine follow-up in which more than 80% of patients reported
that they could reach the health facility easily, and team-based support.?’

Given Iraq’s high prevalence of diabetes and the need for better management strategies, there is a clear need for
a validated tool that reflects the full range of HL skills. Therefore, the present study aimed to validate the Iraqi Diabetic
Health Literacy Questionnaire (IDHLQ) for use among Iraqi adults with type 2 diabetes, through adapting the existing
Jordanian Diabetic Health Literacy Questionnaire (JDHLQ) and expanding its scope by incorporating a numeracy
domain relevant to diabetes self-management. In addition, the study evaluated the questionnaire’s psychometric proper-
ties using exploratory factor analysis and Rasch modeling. To the best of our knowledge, this is the first study to cross-
culturally adapt and validate a multidimensional diabetic health literacy instrument for the Iraqi population while
explicitly integrating numeracy as a core component, providing a comprehensive tool that captures informational,

communicative, and numeracy skills essential to effectively assess diabetes self-management. This expanded tool offers
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a more comprehensive and culturally relevant measure, enabling clinicians to identify patients with limited HL and
implement tailored interventions to improve diabetes management.

Materials and Methods

Participants and Data Collection
This cross-sectional study involved recruiting diabetic patients who were visiting endocrinology outpatient clinics at
various hospitals in different regions of Iraq. Data collection was conducted between January and August 2025 through
face-to-face administration of the questionnaire by trained researchers during routine clinic visits. Participants completed
the questionnaire independently, with assistance provided when necessary to clarify item wording without influencing
responses. Clinical data (including HbAlc values) were obtained from patients’ medical records on the day of the clinic
visit.

Participants were selected using convenience sampling. The inclusion criteria included a confirmed diagnosis of type
2 diabetes mellitus for at least one year, age >18 years, and the ability to read and understand Arabic. Patients with
cognitive impairment, severe acute illness, or incomplete questionnaire responses were excluded. The final dataset
included 473 adults with type 2 diabetes. Prior to enrollment, the study’s aims and protocol were explained to
participants, and they were informed of their right to withdraw from the study at any time. They were assured that the
information collected would remain confidential. No personally identifiable information (such as names, addresses, or
contact details) was recorded in the study database and questionnaires were stored in locked cabinets accessible only to
the research team. All participants signed an informed consent form. The following assumptions were made during data
collection: (1) participants provided honest and accurate responses, and (2) DM patients attending the clinic were
representative of adults with type 2 diabetes receiving outpatient care in Iraq. Ethical approval was obtained from the
Institutional Review Board and the Deanship of Research at Al-Rasheed University (reference number
RUCPD10012507). This study followed the Declaration of Helsinki ethical guidelines.

Data Collection and Study Instruments

The questionnaire had two parts. The first collected demographic information, and the second included the Iraqi Diabetic
Health Literacy Questionnaire (IDHLQ). The IDHLQ comprised three domains. The first domain, informational health
literacy, evaluated patients’ ability to assess, understand, and use information about T2DM. The second domain,
numeracy, assessed their ability to perform numerical tasks such as interpreting carbohydrate content on food labels,
understanding risk probabilities, and determining whether blood sugar levels were within the normal range. The third
domain, communicative health literacy, assessed patients’ ability to effectively communicate about their disease. This
included their capacity to explain the rationale for a diabetic diet, describe their own condition, and ask healthcare
providers pertinent questions about T2DM. The questionnaire included eleven items on a 1-4 Likert scale, with higher
scores indicating greater ability. The maximum possible score was 44. Additional information was retrieved from
patients’ files, including HbAlc readings on the day of the visit and current medications.

Sample Size Calculation

The determination of an adequate sample size for factor analysis was guided by the subject-to-item ratio, a common
heuristic in psychometric research. For this study, a ratio of 20 participants per questionnaire item was adopted, as
recommended for achieving stable factor structures.”’ Because the instrument contained 11 items, this guideline indicated
a minimum recruitment target of 220 participants. To enhance reliability, generalizability, and validity, the present study
recruited a larger sample of 473 participants.

Tool Validation

Content and face validity were evaluated by an expert panel consisting of two endocrinologists and a clinical pharmacist.
A pilot study with diabetic patients was conducted to confirm the questionnaire’s clarity and comprehensibility for Iraqi
participants. Data from the pilot study were excluded from the final statistical analysis. Exploratory Factor Analysis
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(EFA) was conducted to evaluate the questionnaire’s construct validity, and Cronbach’s alpha values were examined to
ensure internal consistency for each factor. Rasch analysis was also performed to assess the tool’s ability to distinguish
between patients’ abilities and to evaluate the difficulty level of each questionnaire item.

Statistical Analysis

Statistical analyses were conducted using the Statistical Package for the Social Sciences (SPSS) version 26 and
R software (version 4.3.3), with the Test Analysis Modules (TAM, v. 4.1-4) and Psycho (v. 0.6-1) packages. The
factorability of the dataset was examined with a polychoric correlation matrix. Adequacy was assessed using the Kaiser—
Meyer—Olkin (KMO) index and per-variable Measures of Sampling Adequacy (MSA). Bartlett’s test of sphericity was
also applied to this matrix. The optimal number of factors was determined through parallel analysis. Items were removed
if they had communalities below 0.3, factor loadings below 0.4, or significant cross-loadings (loadings greater than 0.4
on more than one factor).

Subsequently, a multi-factorial Rasch analysis for polytomous responses was performed. To evaluate the model’s
utility, person and item separation reliability indices were computed. Model fit was further assessed using infit and outfit
mean square (MSQ) statistics, with values between 0.5 and 1.5 considered acceptable At the item level, Thurstonian
thresholds were calculated to verify the logical ordering of response categories. A Differential Item Functioning (DIF)
analysis was conducted to examine gender-based variance, using Z-statistics to compare item difficulty between the sexes
relative to the standard error. Finally, Targeting was examined using Wright (person—item) maps, a standard Rasch
graphical diagnostic that locates respondents and item/threshold parameters on the same logit metric to evaluate coverage
of the latent trait and the alignment between respondent ability and item difficulty.

Floor and ceiling effects were examined for the total IDHLQ score and each domain, defined as >15% of respondents
achieving the minimum or maximum possible score. Linear regression was used to model IDHLQ score. Predictors
included age (years), gender, educational level (low vs high), marital status (unmarried vs married), private insurance
(yes vs no), and monthly income coded 1-3 (low to high) to test for a linear trend. Model assumptions were assessed
using standardized residuals versus fitted values, normal P—P plots, studentized deleted residuals, leverage, Cook’s
distance, and the Durbin—Watson statistic. Collinearity was assessed using tolerance and variance inflation factors (VIF),
with a threshold of VIF > 5. A two-sided a = 0.05 was used.

Results

Table 1 presents participants’ sociodemographic profiles. A total of 473 diabetic patients were included in the study; the
majority were female (52.7%), with a median age of 50 years (IQR: 31-60). Most participants had a university or college
degree (58%), were married (69.9%), and did not have private health insurance (89.2%). Finally, 46.7% of participants
were on insulin.

Participants’ responses to the health literacy items are shown in Table 2. For the informational factor, the highest
“Often” response was to the item “Do you understand the information from the doctor about how to control diabetes?”
(49.5%). For the numeracy factor, the highest “Often” response was “Do you have the ability to know whether your
blood sugar level is within the normal range?” (39.1%). For the communicative factor, the highest “Often” response was
“Do you ask your doctor diabetes-related questions?” (45.7%). The median health literacy score was 33 (IQR: 28-36) out
of a maximum of 44 (75%).

The results of EFA and Rasch analysis are presented in Table 3. A KMO value of 0.822 was obtained, with MSAs
ranging from 0.739 to 0.902, indicating sufficient common variance among items. Bartlett’s test was significant, y*(55) =
2166.207, p < 0.001, supporting factor extraction. Parallel analysis indicated that the 11-item, 3-factor model was suitable
for the present study. These factors were identified as Informational Health Literacy, Numerate Health Literacy, and
Communicative Health Literacy, with Cronbach’s alpha values of 0.86, 0.84, and 0.70, respectively. The highest factor
loadings were observed for Q10, followed by Q3, while the lowest loading was observed for Q7. The highest
communality was for Q10 (0.70), while the lowest was for Q6 (0.30).

Rasch analysis was performed, and the item separation reliabilities for the three factors were 0.866, 0.845, and 0.949,
while the person separation reliabilities were 0.815, 0.761, and 0.647. All items across the three health literacy factors
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Table | Participant Socioeconomic Profiles

Count (%) or Median (IQR)

Age 50 (31-60)
Gender Female 247 (52.7%)
Male 222 (47.3%)
Education level High school or less 182 (42%)
University/college degree 251 (58%)
Marital status Not married 142 (30.1%)

Married

330 (69.9%)

Monthly income (Iraqi dinars) | <500,000

205 (44.2%)

500,000-1,000,000

170 (36.6%)

>1,000,000 89 (19.2%)
Private health insurance No 423 (89.8%)
Yes 48 (10.2%)
Medications Metformin 193 (46.2%)
Insulin 195 (46.7%)
Sulfonylureas 37 (8.9%)
SGLT?2 Inhibitors 40 (9.6%)
GLP-I and dual GLP-1/GIP receptor agonists 37 (8.9%)
Thiazolidinediones (TZDs) 12 (2.9%)
DPP-4 inhibitors 40 (9.6%)

Note: Values are presented as count (%) or median (IQR).

Table 2 Participants’ Responses to the Iraqi Diabetic Health Literacy Questionnaire (IDHLQ)

Never Rarely Sometimes Often
Informational Health Literacy
Do you read and understand educational brochures? 57 (12.1%) 90 (19.1%) 179 (37.9%) 146 (30.9%)
Do you understand the written information provided during the appointment? | 50 (10.7%) 101 (21.6%) 162 (34.6%) 155 (33.1%)
Did you understand the information you searched for about diabetes? 27 (5.7%) 74 (15.7%) 187 (39.6%) 184 (39%)
Do you understand the information from the doctor about how to control 20 (4.2%) 52 (11%) 166 (35.2%) 233 (49.5%)
diabetes?
Do you have the ability to assess the reliability of information related to 37 (7.9%) 98 (20.9%) 175 (37.3%) 159 (33.9%)
diabetes?
Numerate Health Literacy
Do you determine the carbohydrate content from the nutrition label on food | 146 (31%) 137 (29.1%) 111 (23.6%) 77 (16.3%)
products?

(Continued)
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Table 2 (Continued).

Never Rarely Sometimes Often
Do you have the ability to know whether your blood sugar level is within the | 38 (8.1%) 78 (16.7%) 169 (36.1%) 183 (39.1%)
normal range?
Do you care about diabetes-related information presented in probabilities, 88 (18.7%) 107 (22.7%) 151 (32.1%) 125 (26.5%)
percentages, or graphs?
Communicative Health Literacy
Do you ask your doctor diabetes-related questions? 36 (7.7%) 38 (8.1%) 180 (38.5%) 214 (45.7%)
Do you explain your diabetes condition to the healthcare provider? 65 (13.9%) 77 (16.5%) 152 (32.6%) 172 (36.9%)
Do you ask for an explanation of why you need to follow a special diet for 57 (12.2%) 76 (16.3%) 154 (33%) 179 (38.4%)
diabetes?

Note: Values are presented as count (%).

Table 3 Factor Loadings, Infit and Outfit Statistics, Item Locations, and Rasch Thresh

Variable Communality | Factor | Infit | Outfit | Location Thresholds

Loading
Catl | Cat2 | Cat3

Informational Health Literacy

Ql Do you read and understand educational 0.54 0.74 1.07 1.05 -0.73 -2.17 | —0.97 | 0.95
brochures?
Q2 Do you understand the written information 0.62 0.79 0.95 0.92 -0.83 -2.36 | —0.92 0.79

provided during the appointment?

Q3 Did you understand the information you 0.65 0.82 0.93 0.90 —1.34 —297 | —-1.56 | 0.50

searched for about diabetes?

Q4 Do you understand the information from the 0.56 0.71 1.01 0.95 -1.73 -3.18 | —1.96 | —0.07

doctor about how to control diabetes?

Q5 Do you have the ability to assess the reliability of 0.47 0.58 1.13 .11 —-1.01 -270 | —L.11 | 077

information related to diabetes?

Numerate Health Literacy

Q6 Do you determine the carbohydrate content 0.30 0.56 1.13 .15 0.32 —0.64 | 0.32 1.29
from the nutrition label on food products?

Q7 Do you have the ability to know whether your 0.41 0.49 0.95 0.94 -0.78 -1.84 | —0.89 | 0.37
blood sugar level is within the normal range?

Q8 Do you care about diabetes-related information 0.57 0.72 0.94 0.93 -0.19 =1.15 | —0.28 0.85
presented in probabilities, percentages, or

graphs?

Communicative Health Literacy

Q9 Do you ask your doctor diabetes-related 0.65 0.73 0.98 0.94 —1.54 -2.77 | —2.03 | 0.16
questions?
QI0 | Do you explain your diabetes condition to the 0.70 0.83 1.01 0.96 —0.84 -2.13 | -1.05 | 0.63

healthcare provider?

QI | Do you ask for an explanation of why you need 0.60 0.80 1.07 1.03 -0.97 -231 | —1.16 | 055
to follow a special diet for diabetes?
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had infit and outfit values within the acceptable range, supporting the item hierarchy and confirming the model’s ability to
differentiate between varying levels of health literacy among participants. Item difficulty analysis indicated that Q6
(location = 0.32) was the most difficult item, whereas Q4 (location = —1.73) was the least difficult.

All thresholds were appropriately ordered. The lowest threshold was the first threshold for Q4 (-3.18) in the
informational health literacy factor, while the highest was the third threshold for Q6 (1.29) in the numeracy factor.

The Wright map is displayed in Figure 1. It shows that respondent abilities for informational, numeracy, and
communicative health literacy had a unimodal distribution centered just below 0 logits, with tails ranging from
approximately —3 to +2. Item step thresholds covered a similar range and were most concentrated between —1 and 0
logits, indicating generally acceptable targeting.

Differential item functioning (DIF) between the sexes was evaluated as shown in Figure 2. The results indicated that
a significant difference between males and females was observed only for item 4. Floor and ceiling effects were
examined for the total IDHLQ score and each domain, and the results indicated that the flooring and ceiling effects
were limited for the total IDHLQ score, with 3.8% of participants scoring the minimum possible value (11/44; 17/450)
and none scoring the maximum (44/44; 0/450). At the domain level, floor effects ranged from 5.6% to 12.8% across the
numeracy, informational, and communicative subscales, while ceiling effects were absent in all domains (0.0%). Overall,
these findings indicate no evidence of problematic score compression at the extremes based on the prespecified >15%
criterion.

Linear regression assumptions were checked, and diagnostic plots supported linearity and homoscedasticity. No
influential observations exceeded conventional cutoffs. VIFs ranged from 1.02 to 1.71, and the Durbin—Watson statistic
was 1.770. Monthly income was the only significant predictor of IDHLQ score (B = 1.318, SE = 0.445, B = 0.159, 95%
CI: 0.45-2.19, p = 0.003). Age, gender, educational level, and marital status were not significant (all p > 0.27). The R?
value was 0.038, indicating that the model explained only 3.7% of the outcome variance.

Informational Numeracy Communicative I 3
L_1 [ -,
06.3
| 01.3 | 02.3 | 05.3 | 08.3 = 4
033 | 10:3:1°-11:3
2 l l 06.2 | 07.3 | 09.3
O 04.3 — 0 »
: | :
< 8.2 >
S I | 06.1 S
a 01.2 | 02.2 | 07.2 | 10.2 L
© l [ 05.2 | 08.1 | 11.2
03.2
| | 04.2 | 07.1
01.1 | 09.2 | 10.1 — -2
02.1 | 11.1
|: 05.1 | 09.1
03.1 - -3
04.1
i 4

Items

Figure | Wright (person—item) map for the Iraqi Diabetic Health Literacy Questionnaire (IDHLQ). Respondent locations (left; by domain) and item step-threshold
locations (right) are displayed on the same logit scale. Higher logit values indicate higher health literacy (respondents) and greater difficulty (items/thresholds).
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Figure 2 Differential item functioning (DIF) between sexes.

Discussion

This study aimed to validate the IDHLQ, which included two domains from the JDHLQ and incorporated a new
numeracy domain to better assess diabetic health literacy across all its dimensions. The development of a reliable and
culturally appropriate tool can be used to better assess patients’ health literacy needs and ultimately enhance diabetes
management in this population. By doing so, this study addressed an important gap in diabetes care. Overall, the results
confirmed the reliability and validity of the IDHLQ, demonstrating strong psychometric properties within the three-factor
model that encompassed the informational, communicative, and numeracy domains.

Several instruments that assess health literacy and numeracy in diabetic patients have been developed and used in the
literature; however, the present study specifically employed the Iraqi Diabetic Health Literacy Questionnaire (IDHLQ),
which was adapted from the Jordanian Diabetic Health Literacy Questionnaire (JDHLQ). The JDHLQ was selected as
the foundational instrument because it was originally developed and validated in an Arabic-speaking population and
showed strong psychometric properties in assessing informational and communicative health literacy domains relevant to
diabetes care.

Alternative instruments, such as general health literacy scales and the Diabetes Numeracy Test (DNT),?* have been
widely used in diabetes research. While these are valuable tools, they present certain limitations in the context of the
present study. General health literacy instruments often lack disease-specific sensitivity, whereas the DNT focuses
exclusively on numeracy skills without addressing informational comprehension or patient—provider communication.
In contrast, the IDHLQ integrates informational, communicative, and numeracy domains within a single instrument,
allowing for a more comprehensive assessment of diabetes-specific health literacy. From a psychometric point of view,
the IDHLQ demonstrated reliability and construct validity comparable to those reported for other diabetes-related health
literacy tools. The internal consistency values observed in this study were consistent with those reported for the JDHLQ
and for diabetes numeracy instruments validated in other populations. Moreover, the application of Rasch modeling in
the present study provides additional evidence of measurement robustness, supporting the IDHLQ’s ability to distinguish
between varying levels of patient ability, a feature not consistently evaluated in earlier tools.

The three-factor structure identified in the IDHLQ, informational, numeracy, and communicative health literacy, is
consistent with established conceptual models of health literacy and mirrors the structure reported in the original
Jordanian Diabetic Health Literacy Questionnaire (JDHLQ), in which the informational and communicative domains
demonstrated strong psychometric performance.'® Similar to the JDHLQ validation study, the informational domain in
the present study showed the highest internal consistency, which points to the central role of information comprehension
in diabetes self-management.

The EFA and Rasch analysis supported the construct validity of the tool, as all items showed acceptable infit and
outfit values. Cronbach’s alpha values for each domain indicated satisfactory internal consistency, suggesting that items
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within each domain reliably measured their intended constructs. These findings align with the original validation of the
JDHLQ in Jordan, where the informational and communicative domains demonstrated strong psychometric properties.'?
This study, however, expands the JDHLQ by incorporating the numeracy domain, which is a vital component of effective
diabetes management.'?

Additionally, when compared with other studies, the Cronbach’s alpha values observed in this study (o = 0.70-0.86)
are consistent with those reported for other diabetes-specific health literacy and numeracy tools validated in diverse
populations.'? Furthermore, the use of Rasch analysis in the present study revealed acceptable item fit statistics and well-
ordered response thresholds, findings that align with prior Rasch-based validation studies and support the structural
robustness of the IDHLQ across varying levels of patient ability.'®

The inclusion of a numeracy domain represents a key advancement over earlier instruments that primarily focused on
informational or communicative skills. Consistent with previous research, numeracy-related items in the IDHLQ
exhibited higher difficulty levels compared with other domains, reflecting the previously documented challenges patients
face when interpreting numerical health information.”> These findings reinforce evidence that numeracy represents
a critical component of diabetes self-management that needs independent assessment.

Previous studies have shown that patients with limited numeracy skills are more prone to poor glycemic control and
treatment errors. A cross-sectional study of 398 adults with type 1 or type 2 diabetes found that lower numeracy skills,
measured with the Diabetes Numeracy Test, were associated with poorer glycemic control and reduced perceived self-
efficacy, as reflected by errors in interpreting glucose levels and miscalculating medication dosages.”® Another study of
diabetic adults from three medical centers in Tennessee, United States, reported that numeracy skills strongly influence

1.'? Therefore, integrating numeracy into health literacy

self-efficacy, which in turn profoundly affects glycemic contro
assessments provides deeper insight into patients’ ability to manage their disease.

In this study, numeracy items had higher difficulty levels than those in other domains. For example, interpreting
carbohydrate content on food labels and understanding risk probabilities were among the most challenging tasks for
participants. These findings are consistent with previous studies showing that diabetic patients often struggle more with
numeracy skills, which are essential for daily self-care.'? Interestingly, the highest-scoring item in the numeracy domain
was the “ability to know whether blood sugar is within the normal range,” suggesting that while some basic numerical
understanding is present among Iraqi patients, more complex tasks such as carbohydrate counting remain a challenge.
This highlights a critical area for targeted interventions focusing on the numeracy component of diabetes self-
management education programs.

The median IDHLQ score was 33 out of 44 (75%), suggesting moderate diabetic health literacy among participants.
This finding is consistent with studies assessing HL in other countries, such as Jordan and Saudi Arabia, where similar
moderate scores were reported.'*** These results point to the persistent challenges in achieving optimal HL. Monthly
income was a significant contributor to this trend in both the present and previous studies. However, the regression model
in this study had very weak explanatory power, and future research should examine additional predictors. Overall, our
findings suggest that the expanded IDHLQ is a culturally relevant and psychometrically sound tool for assessing diabetic
health literacy in the Iraqi population. The inclusion of a numeracy domain provides a broader understanding of patients’
skills, enabling clinicians to tailor educational strategies more effectively to individual needs. Additionally, the tool could
be highly valuable in supporting national initiatives to address the growing burden of diabetes through patient-centered
care and the development of population-specific interventions.

Strengths, Limitations and Future Directions

This study has several strengths. First, it is the first to validate the communicative and informative domains of the
JDHLQ in the Iraqi population, providing evidence for its cross-cultural applicability in an Arabic-speaking context,
given the linguistic, healthcare system, and cultural differences that may influence how patients understand and respond
to health literacy questions. Second, it introduced and psychometrically validated a numeracy domain within the IDHLQ,
recognizing the central role of numeracy in diabetes self-management. Finally, the study employed multiple validation
techniques, including EFA, internal consistency testing (Cronbach’s alpha), and Rasch modeling. This comprehensive
approach ensured both the statistical validity of the adapted tool and its practical relevance in clinical settings.
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However, this study also has limitations. First, data collection relied on self-reported surveys, which may be subject to
recall and social desirability biases. Second, a convenience sampling approach was adopted, which may have introduced
selection bias.

Future research should implement longitudinal designs, which would be particularly valuable for evaluating how
targeted educational interventions influence disease management. Additionally, examining variations in health literacy
across demographic subgroups, such as education level or gender, may provide insights for developing health policies
and patient-centered education programs in Iraq that address specific population needs.

Conclusion
This study validated the IDHLQ in the Iraqi population, incorporating a numeracy domain alongside.

This study validated the 11-item Iraqi Diabetic Health Literacy Questionnaire (IDHLQ), expanding the JDHLQ by
incorporating a numeracy domain alongside the informational and communicative components. Exploratory factor
analysis supported a three-factor structure, and internal consistency was acceptable across domains (a0 = 0.70-0.86).
Rasch analysis further supported measurement performance, with item separation reliability of 0.87-0.95 and person
reliability of 0.65-0.82. Collectively, these findings indicate that the IDHLQ is a reliable and valid instrument for
assessing multidimensional diabetes-related health literacy among Arabic-speaking adults in Iraq, and its use in clinical
and public health settings may support identification of patients with limited health literacy and inform targeted education
strategies.
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