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Purpose: Health literacy (HL) intervention could be a potential prevention strategy to reduce the risk of metabolic syndrome (MS),
but the association between low HL and MS is controversial. Therefore, the aim of this study was to investigate whether low HL is
associated with obesity, diabetes, and hypertension, considering them as one cluster.
Methods: We used data from the Hamburg Diabetes Prevention Survey, a population-based cross-sectional study in Germany. The
1349 eligible subjects were 18–60 years old. The European Health Literacy Questionnaire (HLS-EU-Q16) was used to assess HL.
Depending on the reported number of metabolic syndrome conditions (CMS), four groups were categorized as follows: “0”, any “1”,
any “2” and “3” CMS. Ordered logistic regression was used to analyze the relationship between HL level (independent variable) and
the reported number of CMS (dependent variable) adjusted for age, gender and education.
Results: 63.9% of subjects (n=862) reported having “0”, 25.7% (n=346) only “1”, 8.2% (n=111) only “2” and 2.2% (n=30) “3” of the
three CMS. In the group with sufficient HL, rates of “1,” “2,” or “3” CMS were lower than in the group with problematic or inadequate HL.
Subjects with inadequate HL showed a 1.62-fold higher risk of having a higher number of CMS than subjects with sufficient HL (OR 1.62;
95% CI 1.13 to 2.31). The risk increased with each life year (OR 1.05; 95% CI 1.04 to 1.06), and was higher in persons with low education
(OR 2.89; 95% CI 2.08 to 4.01) than in highly educated persons. Women showed lower risk (OR 0.73; 95% CI 0.58 to 0.91) than men.
Conclusion: Lower HL was associated with a higher number of MS conditions. Our findings suggest that HL intervention on health-
promoting behaviors could help reduce MS risk in people with limited HL.
Keywords: diabetes, overweight, health literacy intervention

Introduction
It is estimated that twenty to twenty-five percent of the world’s adult population suffer frommetabolic syndrome (MS), which
is a cluster of abdominal obesity, elevated fasting plasma glucose or diabetes, high blood cholesterol and hypertension.1 People
with MS are three times more likely to have a heart attack or stroke than people without MS.1 While abdominal obesity and
insulin resistance are recognized as causative factors of MS, physical activity and a healthy diet are protective factors.1–3 One
potentially modifiable risk factor is health literacy (HL), as low HL is associated with behaviors4 that increase the risk of MS,
such as smoking,5 inactive lifestyle and poor diet.3 HL is an individual’s ability to access and understand health information in
order to make decisions about health care, disease prevention and health promotion.6 As studies have shown, HL status can be
improved through educational interventions, leading to changes in health behaviors and better medical outcomes.7–9 In
Europe, every second person has limited HL,10 so improving HL seems to be important in the prevention of MS.

However, the relationship between HL and MS conditions such as obesity, type 2 diabetes and hypertension is
controversial.11 Some studies have shown associations of lower HL with higher rates of hypertension,12–14 a higher
prevalence15,16 and risk17,18 of diabetes, or a higher BMI.11,19 Others found no association with the occurrence of
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hypertension,16,20 with diabetes prevalence20 or BMI.16,20 Since the evidence is contradictory, the aim of this study was
to investigate whether low HL is associated with obesity, diabetes, and hypertension, considering them as one cluster.
The results might help develop appropriate intervention programs in order to reduce MS risk in people with limited HL.

Methods
Study Design and Data Sources
For this study, we analyzed data from the Hamburg Diabetes Prevention Survey (HDPS). The HDPS was a population-
based cross-sectional study in Germany conducted between December 2017 and March 2018 using computer-assisted
telephone interviews. For the HDPS, a sample of private households in Hamburg was selected by randomly dialing
landline numbers. The selection was made according to the selection framework for telephone samples of the
Arbeitskreis Deutscher Markt- und Sozialforschungsinstitut (ADM).21 ADM is a business association for German market
and social research that records all German telephone numbers. For each chosen telephone number a maximum of 10
contact attempts were made on different days of the week and at different times of the day. The telephone interviews
were conducted by an independent market and social research institute (USUMA: Unabhängiger Service für Umfragen,
Methoden und Analysen).22

A minimum sample size of 1000 randomly selected participants was established for the study. In order to represent
low socioeconomic groups more adequately, two additional waves of data collection were conducted to recruit 1) at least
150 individuals with no high school diploma or low secondary education and 2) at least 150 individuals with low or
middle secondary education. Due to the HDPS initial design as an observational study with multiple outcomes, we were
not able to perform a sample size calculation. Instead, the sample size was determined on the principal investigators’
experience with similar studies. The population was selected by two screening questions at the beginning of the
interviews (“What is your highest general education qualification?” and “What is your highest vocational or higher
education qualification?”). If subjects from the additional waves did not meet the inclusion criteria of 1) inadequately
completed general education, basic general education, or basic vocational qualification, or 2) intermediate education or
A-level equivalent but no tertiary education, the interview was terminated after the screening questions and subjects were
excluded from the study.

The HDPS included validated instruments such as the 8-item Short-FormHealth Survey (SF8) to measure health-related
quality of life,23 the short form European Health Literacy Questionnaire (HLS-EU-Q16) to measure health literacy16,24 and
items to assess sociodemographic data, health status and subject empowerment. The descriptive results of the HDPS have
been published elsewhere.25,26 This manuscript was written according to the STROBE guidelines.27

Study Population
Individuals 18–60 years old who answered the phone, and spoke German were included in the HDPS sample (Figure 1).
If several household members were eligible to participate, one was selected at random using the “Kish selection grid”.28

Non-German speaking people were excluded. For our study, we used the HDPS sample. To calculate a summary health
literacy assessment, we excluded persons with more than two missing items in the HLS-EU-Q16.

Independent Variables
Independent variables were age, gender, educational level and HL. Age was measured in years, and four age groups were
categorized: 18 to 29, 30 to 39, 40 to 49 and 50 to 60 years. Gender was recorded as female or male.

The classification of the Comparative Analysis of Social Mobility in Industrial Nations (CASMIN) was used to assess
the educational level of the subjects.29 Three educational levels were categorized according to the CASMIN criteria: Low
(insufficiently completed general education, general elementary education or initial vocational qualification), medium
(intermediate qualification or equivalent A level qualification) and high (lower or higher tertiary education).29

The HLS-EU-Q16 was used to assess self-reported HL.24,30 The questionnaire has already been validated and applied
in several studies.16,20,30–32 The HLS-EU-Q16 consists of 16 questions (Supplementary Material) focusing on four HL
dimensions: accessing, understanding, appraising and applying information to make decisions concerning health care
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(question 1 to 7), disease prevention (question 8 to 12) and health promotion (question 13 to 16).16,31,33 Individuals were
asked to answer the HLS-EU questions on a four-point Likert scale with the response categories “very difficult”, “fairly
difficult”, “fairly easy”, “very easy” and – as category for missing values – “I do not know”. The HL score was calculated
according to the HLS-EU-Q16 manual.30 The answers “fairly easy” and “very easy” were dichotomized to the value 1,
the answers “fairly difficult” and “very difficult” were dichotomized to the value 0, and the response “I don’t know” was
treated as missing item.30–32 The answer values were then summed (minimum of 0 and maximum of 16 points) and
categorized according to the HLS-EU-Q16 criteria as follows:30 0–8 “inadequate”, 9–12 “problematic” and 13–16
“sufficient” HL. For subjects with more than two missing values, the score was not calculated.16,31

Randomly selected phone numbers 99,154

Missing ≥3 items to calculate HLS**
n = 106

≥14 items available to calculate HLS 
n = 1,349

Target person unavailable       267

Suitable phone numbers 29,305 (100%)

Refusal                    6,296 (21.5%)

Screening interviews 6,272 (21.4%)

Interview discontinued  83 (0.3%)

Language barrier                     555

No connection    16,654 (56.8%)

Population 18-60 years without SES restriction            1,147

Population 18-60 years with intermediate or low SES   158

Population 18-60 years with low SES                                150

Excluded due to age and/or SES* 4,817

Wrong telephone number   69,027

Study population       
n =1,455

Figure 1 Selection of study subjects *Socio Economic Status. **Health Literacy Score.
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Dependent Variables
The dependent variables included 1) the prevalence of each condition of metabolic syndrome (CMS: diagnosed
hypertension, diagnosed type 2 diabetes and abdominal obesity), and 2) the number of CMS (0 to 3) reported by the
subjects. The operationalization of MS and CMS was based on the definition of the International Diabetes Federation
(IDF) which defined MS as abdominal obesity plus having two of the following four factors:1,34

● Elevated triglycerides ≥150 mg/dL or specific treatment for lipid abnormality.
● Reduced high density lipoprotein <40 mg/dL in males and <50 mg/dL in females.
● Elevated blood pressure systolic BP ≥130 or diastolic BP ≥85 mm Hg or treatment of previously diagnosed
hypertension.

● Elevated fasting plasma glucose ≥100 mg/dL, or previously diagnosed type 2 diabetes.

During the HDPS interviews individuals were asked about their height and weight, and whether they had been diagnosed
with hypertension and/or type 2 diabetes mellitus. Taking ethnicity specific values into consideration, abdominal obesity
was defined as having waist circumference (wC) ≥ 80cm in female and ≥ 94cm in male Europeans.1,34 According to the
IDF, abdominal obesity can also be assumed without measuring wC if the body mass index (BMI) is >30kg/m2.1,34 Since
most people do not know their individual wC, the question was omitted during the HDPS interviews. To include
abdominal obesity into our analysis, we calculated the individual BMI (weight in kilograms divided by height in squared
meters) using the self-reported weight and height.

Furthermore, HDPS subjects were not asked about lipid abnormalities. Also, laboratory measures were not included
into the assessment. Therefore, MS was considered according to the IDF criteria, if subjects reported having the
following three conditions simultaneously: abdominal obesity plus diagnosed hypertension plus diagnosed type 2
diabetes. To better understand the relationship between MS and potentially influencing factors, we divided our study
population into four groups according to the self-reported number of CMS: “0”, any “1”, any “2” and “3” of the three
CMS (abdominal obesity, hypertension, type 2 diabetes).

Statistical Analysis
Descriptive statistics and chi-square tests were performed to investigate differences in the prevalence of each CMS
between groups with “inadequate”, “problematic” and “sufficient” HL. Descriptive analyses were also performed to
investigate differences in the reported number of CMS (0 to 3) by age, gender, education and HL. We analyzed the
relationship between HL level (independent variable) and the reported number of CMS (dependent variable) by an
ordered logistic regression analysis adjusted for age, gender and educational level. Coefficients (ß) and odds ratios (OR)
were reported with 95% confidence interval (CI). The level of statistical significance was set at P<0.05. All tests were
performed using the Stata software version 15.1.

Results
Originally, 1147 people were interviewed for the HDPS. For a better representation of the low socioeconomic groups, an
additional 150 persons without school-leaving qualifications or with low secondary education and 158 persons with low
or medium secondary education were interviewed. We used the HDPS sample which comprised a total of 1455 subjects.
For our study, 106 subjects were excluded due to missing values which resulted in a sample size of 1349 subjects for our
analyses (Figure 1).

Characteristics of Subjects
627 (46.5%) subjects were men and the average age was 43.5 years (SD: 12.0). The smallest age group consisted of
subjects aged 18–29 years while subjects aged 50–60 years formed the largest age group (Table 1). According to the
CASMIN criteria, 248 (18.4%) subjects showed low, 653 (48.4%) medium and 447 (33.2%) high education. According
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to the criteria of the HLS-EU-Q16, 144 (10.7%) subjects had inadequate, 452 (33.5%) problematic and 753 (55.8%)
sufficient HL (Table 1).

Prevalence of CMS
In total, 17.1% (n=231) of the study population had abdominal obesity. The proportion of abdominal obesity was slightly
higher in subjects with inadequate HL than in subjects with problematic or sufficient HL (Table 2). There was no
significant difference between the HL groups (P=0.213). In the study sample, the prevalence of diabetes was 4.1%
(n=55). The prevalence of diabetes decreased with increasing HL level (Table 2), and the group difference was not
significant (P=0.736). Also, 27.6% (n=372) of the participants had been diagnosed with hypertension (Table 2). In the
sufficient HL group, the rate of hypertension was significantly lower than in the problematic or inadequate HL group
(P<0.001).

Table 1 Subjects Characteristics (N = 1349)

% n

Age*
18–29 16.1 217

30–39 18.3 247

40–49 26.0 350
50–60 39.7 535

Gender

Male 46.5 627
Female 53.5 722

Education
Low 18.4 248

Medium 48.4 653

High 33.2 447
Health literacy

Inadequate 10.7 144

Problematic 33.5 452
Sufficient 55.8 753

Note: *Mean (SD) 43.5 years (12.0).

Table 2 Prevalence of Obesity, Diabetes and Hypertension in Different HL Groups (N = 1349)

Health Literacy Level Inadequate Problematic Sufficient P
n (%) n (%) n (%)

Subjects 144 (10.7) 452 (33.5) 753 (55.8)

Abdominal obesity 0.213
Yes, n=231 (17.1%) 32 (22.2) 77 (17.0) 122 (16.2)

No, n=1118 (82.9%) 112 (77.8) 375 (83.0) 631 (83.8)

Type 2 diabetes 0.736
Yes, n=55 (4.1%) 7 (4.9) 20 (4.4) 28 (3.7)

No, n=1294 (95.9%) 137 (95.1) 432 (95.6) 725 (96.3)

Hypertension <0.001*
Yes, n=372 (27.6%) 48 (33.3) 152 (33.6) 172 (22.8)

No, n=977 (72.4%) 96 (66.7) 300 (66.4) 581 (77.2)

Note: *Significant difference.
Abbreviation: HL, Health literacy.
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Number of CMS
The majority of subjects (63.9%, n=862) had none (0 of 3) of the three conditions of metabolic syndrome (CMS), while
25.7% (n=346) had only “1” and 8.2% (n=111) only “2” of the three CMS in any possible combination. According to the
IDF criteria, 2.2% (n=30) of the participants showed MS (“3” CMS) as they reported abdominal obesity plus hyperten-
sion plus type 2 diabetes.

In regard to age, the older age groups had more CMS than younger groups (Table 3). Also, the risk of having a higher
number of CMS increased with age (OR 1.05 for one life year difference; 95% CI 1.04 to 1.06) (Table 4). Overall, female
groups had fewer CMS than male groups (Table 3). Women were less likely to have a higher number of CMS (OR 0.73;
95% CI 0.58 to 0.91) than men (Table 4).

Subjects with high education had fewer CMS than subjects with low education (Table 3 and Figure 2). The number of
CMS was inversely associated with the level of education (Table 4). The risk for subjects with low educational level was
2.89 times higher (95% CI 2.08 to 4.01) than for subjects with high educational level.

The group with sufficient HL had the highest proportion of subjects with “0” CMS compared to the group with
problematic or inadequate HL (Table 3). In addition, the rates of “1,” “2,” or “3” CMS were lowest in the group with
sufficient HL, although the rate of “3” CMS (2.0%, n=15) was similar to that in the group with problematic (2.7%, n=12)
and inadequate HL (2.1%, n=3) (Figure 3). The risk of having a higher number of CMS increased as the HL level

Table 3 Reported Number of CMS* by Age, Gender, Education and HL (N = 1349)

Number of CMS 0 of 3 1 of 3 2 of 3 3 of 3**
n (%) n (%) n (%) n (%)

Subjects 862 (63.9) 346 (25.7) 111 (8.2) 30 (2.2)

Age (years)

18–29 173 (79.7) 39 (18.0) 5 (2.3) 0 (0.0)
30–39 178 (72.1) 59 (23.9) 8 (3.2) 2 (0.8)

40–49 226 (64.6) 85 (24.3) 33 (9.4) 6 (1.7)

50–60 285 (53.3) 163 (30.5) 65 (12.2) 22 (4.1)
Gender

Male 379 (60.5) 183 (29.2) 48 (7.7) 17 (2.7)

Female 483 (66.9) 163 (22.6) 63 (8.7) 13 (1.8)
Education

Low 127 (51.2) 80 (32.3) 29 (11.7) 12 (4.8)
Medium 404 (61.9) 177 (27.1) 59 (9.0) 13 (2.0)

High 331 (74.1) 88 (19.7) 23 (5.2) 5 (1.1)

Health Literacy
Inadequate 77 (53.5) 50 (34.7) 14 (9.7) 3 (2.1)

Problematic 269 (59.5) 129 (28.5) 42 (9.3) 12 (2.7)

Sufficient 516 (68.5) 167 (22.2) 55 (7.3) 15 (2.0)

Notes: *Conditions of metabolic syndrome: obesity, type 2 diabetes, hypertension. **Subject with metabolic syndrome.

Table 4 Potential Influencing Variables of the Number of CMS* (N = 1349)

Ordered Logistic Regression OR ß 95% Conf. Interval P

Age (one life year difference) 1.05 0.046 0.036 0.056 <0.001

Gender: female vs male 0.73 −0.318 −0.545 −0.091 0.006

Education: medium vs high 1.89 0.638 0.371 0.906 <0.001
Education: low vs high 2.89 1.061 0.733 1.390 <0.001

HL: problematic vs sufficient 1.49 0.399 0.153 0.645 0.001

HL: inadequate vs sufficient 1.62 0.481 0.124 0.839 0.008

Notes: *Conditions of metabolic syndrome: 0 to 3 of obesity, type 2 diabetes and hypertension.
Abbreviations: OR, odds ratio; HL, health literacy; vs, versus.
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decreased (Table 4). Subjects with inadequate HL were 1.62 times more likely (95% CI 1.13 to 2.31) to have more CMS
than subjects with sufficient HL.

Discussion
Statement of Principal Findings
The main objective of this study was to investigate whether low HL is associated with metabolic syndrome conditions
(CMS) such as abdominal obesity, type 2 diabetes, and hypertension. We examined the relationship by considering the
three CMS as one cluster. Our results suggest an inverse relationship between HL and the reported number of these CMS.
Subjects with inadequate HL had a higher risk of having more CMS than subjects with sufficient HL.

Strengths and Limitations
A strength of our study was the use of the short version of the European Health Literacy Questionnaire (HLS-EU-Q16),
which had previously been used in several studies.16,24,30–32 The HLS-EU-Q16 can be easily applied and evaluated using
online tools. Therefore, this tool is suitable for the identification of individuals with limited HL in future prevention
programs. The comparison of our results with other findings was limited as previous studies used different tools to assess
HL,10–14,16,31,35 or assessed and categorized the HLS-EU-Q16 differently altogether. In some studies, the questionnaire
was given a score of 0 to 50 points and divided into four categories (inadequate, problematic, sufficient and
excellent)10,16,20 while in other studies it was given a score of 0 to 16 points and divided into three categories
(inadequate, problematic and sufficient).30–32 We applied the HLS-EU-Q16 with three categories due to its short and
easy handling.24,32 However, distribution of HL in our study population was consistent with the results of the German
Health Update and the European Health Literacy Survey.10,31
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Also, type 2 diabetes is most commonly seen in elderly people36 but with an age range of 18–60 years, our study
population was comparatively young, which may have led to an underestimation of the prevalence of diabetes. In some
cases, the information of the respondents about the values needed to calculate our dependent variable might have been
outdated (eg, if the patients last measured their weight a long time ago). Therefore, some of the conditions of metabolic
syndrome might have been misclassified in our study. As our data were questionnaire-based and laboratory testing was
omitted we cannot compare the rate of MS in our study population (2.2%) to the results of the prevalence studies
(>20%).1,37 Thus, subjects with elevated fasting plasma glucose, high blood cholesterol, and unknown hypertension
could not be identified and were therefore not included in our analyses. However, the aim of our study was to investigate
the association between HL and conditions of MS such as obesity, type 2 diabetes, and hypertension, as these CMS can
easily be evaluated by questionnaires and without laboratory measurements. This could help to identify people at high
MS risk, and provide support in cost-effective prevention approaches.

Furthermore, the link between HL and MS should be viewed with caution as our analyses were based on a cross-sectional
survey. Socially desirable responses and selection bias cannot be excluded due to HDPS data collection through telephone
interviews. Non-German speaking adults were excluded since the survey was conducted in German language only. This may
have led to overestimation of HL32,38 and underestimation of MS conditions.39 In addition, the HDPS was only conducted in
a metropolitan area which could have had an influence on the perception of medical care and in thus on HL.

The low rate of participants (21.4%, n = 6272) who completed the telephone interview has to be mentioned as another
limitation. Here, we need to point out that many of the randomized phone numbers had a free line signal but did not belong to
a household hence, lowering the response rate. It should also be noted that the study had to be conducted without a sample
size calculation. Therefore, we may have missed significant predictors of our results due to limited statistical power.
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Comparison with Literature
The distribution of HL in our study population was consistent with findings reported in the German Health Update and
the European Health Literacy Survey.10,31 Our results did not show an association between HL and diabetes prevalence.
Yet, two previous studies showed such an association.15,16 The first study was based on data from older US Americans
with a mean age of 75.6 years15 while the CARLA study, included an older Eastern German urban population with
a mean age of 69.9 years.16 As type 2 diabetes is more common in older people,36 the older age of the study populations
may explain why a link was found between HL and diabetes prevalence. Compared to both studies, our study population
was younger with an average age of 43.5 years. However, a representative survey of users of the German statutory health
insurance (WIDO study) also found no association between HL and diabetes prevalence.20

We found no association between HL and obesity. Using the European HLS Questionnaire, the CARLA and the WIDO
study also showed no association between HL and BMI,16,20 while a study from Portugal reported an association between HL
and BMI.19 TheGermanHealth Update also showed a higher prevalence of obesity among adults with inadequate HL.31 Using
the Mandarin HLS Questionnaire, a recent study from Taiwan suggested that high HL was associated with less obesity.11

We found a significantly higher rate of hypertension in subjects with lower HL. A cohort study of over 46,000
hospitalized patients showed that hypertension was more common in people with low HL.13 In addition, two studies from
South Korea (n=103) and Japan (n=320) demonstrated that low HL was associated with higher rates of hypertension.12,14

Population-based studies in Germany such as the WIDO and the CARLA studies did not show an association between
low HL and the occurrence of hypertension.16,20

According to the IDF criteria, subjects with abdominal obesity plus type 2 diabetes plus hypertension were classified
as patients with metabolic syndrome (MS).1 We observed similar rates of MS in different HL groups. The MS rate in our
study population was very low (2.2%) as no laboratory measures were performed and therefore, subjects with elevated
fasting plasma glucose, high blood cholesterol and unknown hypertension were not identified. However, two previous
studies revealed inconsistent results regarding the association between HL and MS. Yokokawa et al showed that HL was
inversely associated with MS prevalence only in men,35 while Cheng et al found that lower HL was associated with MS
in women but not in men.11

With regard to CMS prevalence, our results were similar to those in previous publications with conflicting evidence that
low HL may be associated with higher occurrence of obesity,11,16,19,20,31 type 2 diabetes15,16,20 or hypertension.12–14,16,20

The inconsistency could be explained by the use and evaluation of HL with different instruments in previous studies. Also,
the study design of most studies, including our approach, were cross-sectional.11,12,19,20,31,35 As obesity, type 2 diabetes and
hypertension are highly interlinked2,36 they may occur in different order over the course of life. When analyzing the
relationship between them and HL in a cross-sectional approach, these MS conditions should be considered as one cluster
rather than analyzing them separately. Therefore, we analyzed the reported number of CMS (0 to 3) in groups with different
HL level (inadequate, problematic, sufficient HL) and observed more CMS in groups with limited HL. Using this method,
our results could confirm the results of the CARDIA study, a prospective study of 4192 adults aged 18–30 years, which were
followed for 15 years.3 The CARDIA study revealed that the risk of MS increased with age and was higher in people with
low education. Women showed lower risk of MS than men.3 In line with these findings, our analyses showed the risk of
having a higher number of CMS increased with age and was higher in people with low education than in highly educated
people. Women showed a lower risk than men. In addition, we found that subjects with inadequate HL had a 1.62-fold
higher risk of having more CMS than subjects with sufficient HL.

Implications for Clinical Practice
Our results showed an inverse relationship between HL and the reported number of MS conditions. The association of
low HL with behaviors4 that increase the risk of MS such as smoking,5 poor diet and an inactive lifestyle could count as
one explanation.3 The aspect that people with higher HL have higher self-efficacy and self-care behaviors could count as
another.40 Interlinked with type 2 diabetes and hypertension,2,36 abdominal obesity is a prerequisite risk factor of MS.1

Lifestyle changes such as healthy diet and physical activity can help to lose weight and reduce the risk of MS.1–3,41 As
shown in two intervention studies, high HL levels correlate significantly with weight loss success.42,43 Other studies have
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demonstrated that HL intervention can improve HL7–9 and also lead to lifestyle changes. Therefore, our results suggest
that people with limited HL and increased risk of MS could be identified cost-effectively by questionnaires and without
laboratory measurements. For example, the use of online tools could be implemented in this context. HL interventions
could then help improve the HL in order to reduce the MS risk.

Conclusion
Our study confirmed previous findings that increasing age, low educational attainment and male gender are associated
with MS. Also, our findings indicate that low HL may be another risk factor for MS. Appropriate questionnaires such as
the HLS-EU-Q16 can be used in cost-effective prevention programs to identify people with low HL and increased risk of
MS. HL interventions on health-promoting behaviors could then help reduce the MS risk.
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