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Eating patterns in relation to anthropometrics and blood pressure among adults with overweight and obesity – a cross-sectional study
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ABSTRACT

Background: This study aimed to describe eating patterns among individuals with overweight and obesity and to investigate associations between eating patterns and anthropometric measures, including body mass index (BMI) and waist circumference, and blood pressure.

Methods: This study enrolled a cohort of adults with overweight or obesity (n = 176) participating in a clinical trial focused on weight reduction. Self-reported eating patterns were assessed as part of the trial’s baseline survey. Trained study nurses conducted measurements of anthropometric indicators and blood pressure. To examine associations, statistical analyses included the application of the Mann-Whitney U-test, Fisher’s exact test, the chi-squared test, and linear regression models as appropriate.

Results: The median age of the participants was 55 years (interquartile range [IQR] 12), 79% were female, and the median BMI was 33 kg/m2 (IQR 5). The predominant eating pattern identified was characterized by five meals per day, including breakfast, two prepared meals, and two snacks. Among older participants (≥ 55 years), 51% reported eating two prepared meals per day as compared to 75% among the younger (P <  0.05). A higher percentage of older participants reported consuming more than one snack per day (82% vs. 68%, P = 0.04). Additionally, older participants were more likely to rate their eating habits as ‘good’ compared to their younger counterparts (64% vs. 52%, P = 0.03). Women reported a higher number of eating occasions than men (> 3/day: 93% vs. 78%, P = 0.01) and a higher frequency of snacks (> 1 snack/day: 79% vs. 61%, P = 0.03). No significant associations between the number of eating occasions or number of snacks and BMI, waist circumference, or blood pressure (systolic and/or diastolic) were found in regression models when age and sex were considered.

Conclusions: Varying eating patterns were observed among adults with overweight and obesity according to age and sex. No association between eating patterns and anthropometric measures or blood pressure independent of age and sex was found.
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Introduction

The global rise in overweight (body mass index [BMI] ≥  25 to < 30 kg/m2) and obesity (BMI ≥  30 kg/m2) poses a significant health challenge (1), with 39% of the Swedish adult population being overweight and 12% having obesity in 2022 (2). Obesity management is costly and contributes to escalating healthcare expenses. Diet plays a pivotal role in weight management, alongside other health behaviors. Beyond macronutrient composition and diet quality, aspects of eating behavior, such as meal timing, size, frequency, and breakfast consumption, influence health and weight control. ‘Eating patterns’ describe the distribution of eating occasions and size of meals over a day or over longer periods, while ‘eating habits’ often also encompass diets, food type, and nutritional content. Eating patterns have been linked to weight and health outcomes (3–6), but less is known compared to what is known about associations between diet and health.

Increased eating frequency has been suggested as a strategy for weight loss and maintaining a healthy weight (6). Some studies indicate that more eating occasions enhance appetite control and reduce obesity risk (6, 7), but recent larger studies have linked more frequent eating occasions to weight gain (4, 5). A 2017 study involving over 50,000 healthy adults in the US and Canada explored meal frequency and timing, revealing that consuming fewer meals, no snacking, eating breakfast, and having the largest meal at breakfast could help prevent weight gain over a mean follow-up of 7 years (5), although its generalizability was limited to members of a specific church. Benefits of breakfast consumption include improved weight control, reduced risk of type 2 diabetes, and lower coronary heart disease risk (4–6, 8, 9). However, conflicting data question breakfast’s health value (10). The relationship between eating patterns, meal timing, meal frequency, and body weight is increasingly studied, but consensus on the preference for increased or reduced meal frequency in better weight management remains elusive (4–7).

Additionally, waist circumference complements BMI for metabolic assessments in clinical settings and might predict metabolic health risks better than BMI (11). Dietary intake patterns have been found to be similarily associated with BMI and waist circumference (12, 13), but there appears to be limited research.

Research into potential associations between eating patterns and blood pressure is limited despite the established connection between obesity and hypertension (14). High blood pressure is one of the components of the metabolic syndrome. Dietary intake, such as adherence to the DASH diet, has been found to reduce the risk of hypertension (15). An Australian study in 2019 reported an inverse link between snack frequency and blood pressure in men, which disappeared after adjusting for other dietary factors (16). A ‘later lunch’ pattern was associated with higher blood pressure in women in the same study.

Scientific uncertainties persist regarding the optimal diet for health and dietary advice, with significant knowledge gaps remaining concerning eating patterns and health-related outcomes.

The objectives of this cross-sectional study were twofold: first, to describe and provide a detailed characterization of eating patterns among adults with overweight and obesity participating in an intervention study, and second, to investigate associations between eating patterns and anthropometric measurements, and blood pressure, and self-reported evaluations of eating habits among the participants.

Materials and methods

Design

Baseline data from a randomized controlled trial testing an intervention for weight loss were used for cross-sectional analysis. The trial intervention was an educative group concept for weight loss (named ‘Dare to feel full’; ‘Våga vara mätt’ in Swedish), focusing on eating for satiety and normal weight, food content and metabolic effects on blood sugar related to various foods, and how to have a healthy relationship with food (17).

Subjects

Participants were recruited from the public in two neighboring rural counties with a total population of about 450,000 inhabitants in southern Sweden via media advertisements and websites. Interested individuals underwent telephone interviews conducted by a project nurse, applying a predefined protocol outlining inclusion and exclusion criteria. Exclusion criteria were multiple food allergy, insulin-treated diabetes, severe mental illness, severe liver or kidney disease, heart failure grades 3–4, or other significant general medical conditions. Two hundred (n = 200) Swedish speaking residents aged 18–70 years with a BMI of 27–45 kg/m2 were enrolled in the study, half from each of the counties. However, 24 individuals did not attend the initial encounter, resulting in a final baseline investigation cohort of 176 participants.

Data collection

All participants filled in a survey questionnaire, developed for the study, at a baseline health examination. The questionnaire was based on established items, about lifestyle, eating habits, quality of life, and health and illness (Supplementary 1) (17). Height, weight, and waist measurements were taken by a study nurse. Systolic and diastolic blood pressures were taken using a manual blood pressure monitor after sitting rest. Two measurements were performed in the right arm a few minutes apart, and the mean value was noted.

Eating patterns were assessed by an open matrix question where participants were asked to fill in everything they eat and drink on a typical weekday, which was split into six different ‘windows’ of eating: early morning, late morning, midday, afternoon, evening, and night. The participants were asked to write down everything they ate within each of these eating windows. Self-rated eating habits were assessed by a multiple-choice question with four answer options: ‘Very good’, ‘Good’, ‘Bad’, and ‘Very bad’. The questions were answered on paper forms and were later coded and transferred into a database by the first author.

Categorization of eating pattern

Breakfast, a prepared lunch, and a prepared dinner were considered main meals, while eating in between meals or replacing meals with unprepared food was considered snacking. Coded variables were as follows: the number of eating occasions, timing of the largest meal, consumption of breakfast, and the number of prepared meals and snacks. Eating within either of the first two eating-windows (consuming food before midday) was assessed as breakfast. The number of meals was counted by summarizing the number of eating windows in which food had been consumed. One eating window could include two separate eating occasions. An eating window was coded as two separate eating occasions if the food consumed was noted far apart from one another within the window or if the participant specified the time of two different eating occasions. If the food-components of the main meals (lunch/dinner) were not specified and instead documented as either ‘lunch’ or ‘dinner’ by the participant, it was registered as a prepared meal. If options of both prepared food and unprepared food were given by the participant in one eating window, the first option given was considered the most common and was therefore registered. Eating a pre-packaged meal or eating out was classified as a prepared meal. As many participants wrote the time of the food being consumed, the timing of the meal was used to classify the type of main meal being consumed. In these cases, lunch was assessed as a prepared meal consumed between 12:00 and 15:00, and dinner was considered being a prepared meal consumed between 15:00 and 21:00.

For a meal to be considered as a main meal (lunch or dinner), it had to include prepared foods and be consumed within the time-windows previously mentioned. If consuming prepared foods at both lunch and dinner time, the main meals were considered similar in size. A prepared meal was always considered as being a larger meal than an unprepared meal. Any eating occasion that was not breakfast or classified as a main meal was considered a snack.

Statistical analysis

All statistical analyses were performed with SPSS 27. A power analysis was performed prior to the intervention trial, which aimed to compare weight changes between two study groups, showing that 200 participants were needed to achieve a 80% power at alfa 0.05 (G*Power 3.1) (17). No power calculation was performed for the baseline cross-sectional analysis.

Categorial data were reported as number (n) and proportion (%), and continuous data were reported as median with interquartile range (IQR), as the Shapiro-Wilk test for normality indicated that the data were not normally distributed. Self-rated eating habits were recoded into a binary variable with only two categories: ‘Good’ or ‘Bad’. The Mann-Whitney U-test was used to compare different sets of eating patterns to BMI, waist circumference, and systolic and diastolic blood pressures. The Fisher’s exact test and chi-square test were used to compare eating patterns between age groups, between men and women, and regarding self-rated eating habits. Linear regression models were constructed to evaluate the association between various eating patterns (independent variables) and anthropometric measurements or blood pressure (dependent variables). The models were adjusted for age and sex. A P-value <  0.05 was considered significant.

Ethical considerations

The intervention study was approved by the Ethics Review Board in Linköping, Sweden, Dnr: 2014/231-31. All participants signed a written informed consent.

Results

One hundred and seventy-six subjects participated in the baseline survey, which was 88% of the randomized participants (Table 1). There were more female participants than males (79% vs. 21%). The most common eating pattern was consuming food five times per day. This included eating breakfast followed by snack later in the morning. The food intake at lunch and dinner time mainly consisted of prepared meals. Consuming a second snack in the afternoon was also a part of the most typical eating pattern. Furthermore, almost a quarter of the participants consumed some sort of snack later in the evening after having dinner. All but two participants consumed breakfast in a typical day. A majority of participants rated their eating habits as being ‘Good’.




Table 1.Characteristics of the study population (n = 176).


	Variables
	Median (IQR)
	Number (%)





	Age (years)
	55.5 (12.0)
	



	Sex (male/female)
	
	36/140 (21/79)



	BMI (kg/m2)
	32.9 (5.3)
	



	Waist circumference (cm)
	104.0 (13.0)
	



	Blood pressure (mmHg)
	
	



	 Systolic
	135.0 (10.5)
	



	 Diastolic
	80.0 (5.0)
	



	Number of eating occasions/day
	5.0 (1.0)
	



	Eating occasions/day, specified
	
	



	 2
	
	1 (1)



	 3
	
	17 (10)



	 4
	
	54 (31)



	 5
	
	72 (41)



	 6
	
	32 (18)



	Number of snacks/day1
	2.0 (1.0)
	



	Snacks/day, specified
	
	



	 0
	
	12 (7)



	 1
	
	31 (18)



	 2
	
	75 (43)



	 3
	
	51 (29)



	 4
	
	7 (4)



	Number of meals with prepared food/day
	2.0 (1.0)
	



	Prepared meals/day, specified
	
	



	 0
	
	1 (1)



	 1
	
	65 (37)



	 2
	
	110 (63)



	Consumption of breakfast (yes/no)
	
	174/2 (99/1)



	Largest meal consumed/day
	
	



	 Lunch
	
	50 (28)



	 Dinner
	
	29 (17)



	 Two large meals
	
	96 (55)



	 No prepared meal
	
	1 (1)



	Self-reported eating habits
	
	



	 Very good
	
	1(1)



	 Good
	
	102 (60)



	 Bad
	
	55 (33)



	 Very bad
	
	11 (7)


	IQR: interquartile range; BMI: body mass index.
1A snack is defined as eating in between meals or replacing meals with unprepared food.





Eating patterns by the total number of eating occasions per day, the total number of snacks consumed per day, the total number of meals with prepared food consumed per day, and self-rated eating habits in relation to anthropometrics and blood pressure are shown in Table 2. No significant associations between number of eating occasions or number of snacks and BMI, waist circumference, or blood pressure (systolic and/or diastolic) were found when age and sex were considered (Table 2).




Table 2.Eating patterns and self-rated eating habits in relation to anthropometrics and blood pressure (median [IQR]).


	
	≤ 3 meals/day
	> 3 meals/day
	P1
	0–1 snack2/day
	> 1 snack/day
	P1
	1 prepared meal/day
	2 prepared meals/day
	P1
	Good
	Bad
	P1





	n
	18
	158
	
	43
	133
	
	65
	110
	
	103
	66
	



	BMI (kg/m2)
	33 (8)
	33 (5)
	0.92
	33 (8)
	33 (5)
	0.53
	33 (6)
	33 (5)
	0.42
	33 (6)
	33 (5)
	0.42



	Waist (cm)
	109 (15)
	104 (12)
	0.37
	107 (16)
	103 (12)
	0.10
	104 (11)
	104 (14)
	0.66
	104 (15)
	104 (12)
	0.99



	Blood pressure (mm Hg)



	 Systolic
	140 (19)
	135 (10)
	0.31
	130 (11)
	135 (11)
	0.80
	140 (16)
	130 (15)
	0.033
	135 (19)
	130 (10)
	0.57



	 Diastolic
	88 (10)
	80 (5)
	0.18
	84 (10)
	80 (5)
	0.50
	80 (10)
	80 (5)
	0.61
	80 (5)
	85 (10)
	0.06


	BMI: body mass index.
1P-values for differences within the four groups (meals/day, snacks/day, prepared meals/day, and good/bad) were calculated using Mann-Whitney U-test with a P-value < 0.05 considered significant (bold).
2A snack is defined as eating in between meals or replacing meals with unprepared food.
3No significant association when age and sex were considered (linear regression).





A significant difference in eating patterns according to age was seen on all patterns except total number of eating occasions per day where no difference was detected. A larger proportion in the older age group (> 55 years) consumed more than one snack per day, and fewer ate two prepared meals per day. Participants < 55 years of age were more likely to consume two prepared meals per day and less likely to snack than the older age group. Participants in the older age group rated their eating habits as ‘Good’ to a greater extent than the younger group (64% vs. 52%, P = 0.03). A higher proportion of female participants ate more often than three times per day, as compared to men (93% vs. 78%, P = 0.01) (Table 3). Also, a larger proportion of females ate more than one snack per day (79% vs. 61%, P = 0.03). No significant relationships between self-rated eating habits and eating patterns were found.




Table 3.Participants eating patterns in relation to sex, age, and self-rated eating habits.


	Variables1
	Female
	Male
	P2
	Age < 55 year
	Age ≥ 55 year
	P2
	Good eating habits
	Bad eating habits
	P2





	n (%)
	140 (79)
	36 (21)
	
	81 (46)
	95 (54)
	
	
	
	



	Number of eating occasions/day



	 ≤ 3
	10 (7)
	8 (22)
	0.01
	11 (14)
	7 (7)
	0.21
	10 (10)
	7 (10)
	1.00



	 > 3
	129 (93)
	28 (78)
	
	70 (86)
	87 (93)
	
	93 (90)
	59 (90)
	



	Number of snacks/day3



	 0–1
	29 (21)
	14 (39)
	0.03
	26 (32)
	17 (18)
	0.04
	28 (27)
	14 (21)
	0.47



	 > 1
	110 (79)
	22 (61)
	
	55 (68)
	77 (82)
	
	75 (73)
	52 (79)
	



	Number of meals with prepared food/day



	 1
	52 (37)
	12 (33)
	0.70
	19 (24)
	46 (49)
	0.00
	33 (32)
	27 (41)
	0.25



	 2
	86 (62)
	24 (67)
	
	61 (75)
	48 (51)
	
	70 (68)
	38 (58)
	



	Largest meal consumed/day



	 Lunch
	39 (28)
	10 (28)
	0.96
	15 (19)
	35 (37)
	0.04
	27 (16)
	19 (11)
	0.75



	 Dinner
	24 (17)
	5 (14)
	
	9 (11)
	19 (20)
	
	16 (10)
	12 (7)
	



	 Two large meals
	75 (54)
	21 (58)
	
	56 (70)
	40 (43)
	
	60 (36)
	34 (20)
	



	Self-reported eating habits



	 Good
	82 (61)
	20 (59)
	0.85
	42 (52)
	60 (64)
	0.03
	
	
	



	 Bad
	52 (39)
	14 (41)
	
	39 (48)
	27 (29)
	
	
	
	


	1All values are n (%) unless otherwise indicated.
2Statistical analysis made using Fisher’s exact test (Chi-square test for the 3 × 2 tables) with a P-value <  0.05 considered significant (bold).
3A snack is defined as eating in between meals or replacing meals with unprepared food.





In linear regression analyses with BMI, waist circumference, and systolic and diastolic blood pressures as dependent variables, no associations were found with the different eating patterns when adjusted for age and sex (Supplementary 2). Age and sex were as expected associated with anthropometrics and systolic blood pressure, but no relationship with diastolic blood pressure was seen.

Discussion

This study investigated the eating patterns of a culturally homogenous group of Swedish adults with overweight and obesity, mainly women, participating in a weight reduction trial. The most common eating pattern was consuming food five times per day, including breakfast, two main meals (lunch and dinner), and two snacks with some differences in relation to age and sex. There were no associations between eating patterns and anthropometric measures or blood pressure after adjustment for age and sex.

No relationship between BMI and different eating patterns was seen in our study. Older studies have indicated increased eating frequency as a good strategy for weight loss and weight control (6, 7), while more recent studies have shown the opposite (4, 5). Consuming food less frequently could lead to weight loss by consuming less unhealthy snacks and therefore consuming less calories. In contrast, an increased eating frequency has been linked to a higher diet quality in studies (18, 19), which could be the reason why an increased eating frequency could be a good strategy for weight loss. That participants in our study were all overweight and somewhat homogenous might explain why no association between BMI and eating pattern was revealed.

Obesity is an established risk factor for hypertension. There are, however, few studies reporting on associations between eating patterns and blood pressure. We found that participants eating two prepared meals per day rather than one prepared meal per day had lower systolic blood pressure in crude analyses, but no association remained after adjustment for age and sex. We have so far not been able to find any similar studies linking blood pressure to number of meals with prepared food. Two studies found a link between a higher eating frequency and lower systolic and diastolic blood pressures (20, 21). Other studies have found no associations between eating frequency and the prevalence of hypertension (16, 22). The timing of main meals in relation to blood pressure was examined in one study conducted in 2019 (16). The results revealed that a ‘later’ lunch (after 1 p.m.) compared to a ‘conventional’ lunch (12–1 p.m.) was associated with a higher blood pressure in Australian woman. The reasons behind a potential association between meal frequency and timing of meals and blood pressure are not known. However, there are studies indicating that meal frequency is a possible determinant of diet quality and nutrient intake, and that a greater meal frequency is associated with a better diet quality (18, 19). This suggests that overall diet quality and nutrient intake could play a role in preventing hypertension, rather than the actual eating patterns themselves playing a role. Restricting eating to a shorter time window over the day is another potential eating pattern that might generate health benefits (23). It is apparent that more studies on eating patterns and the relationship with weight control, health, and general anthropometric measurements are needed. Further studies could facilitate for and strengthen the knowledge base for dietary advice focusing on meal order and eating patterns in addition to dietary quality and food content. As there is a large diversity in food preferences, compliance is often difficult when detailed dietary advice is delivered in healthcare.

Older participants ate less prepared meals and snacked more than younger participants. This could indicate a decline in food intake as snacks on a general level are smaller and perhaps often less nutritious than prepared meals. Several studies have demonstrated a decline in food intake with increasing age (24, 25). The mean age of the participants in these studies was 72 years (24) and 52 years (25), while the mean age of the participants in our older age group was 62 years; hence, the results might be applicable to our group. The reasons for this age-related decline in food intake are not completely understood; however, there are many different factors that could play a role. A study exploring dietary habits and food choices of older adults in the United Kingdom identified four themes of age-related changes as possible reasons for the decline in food intake with age: being on your own (living alone and cooking for one), access to food (food costs and support), changes related to age (less physical activity, a decline in hunger), and emotions connected to food (eating a varied diet, dieting) (26). Being on your own could lead to a diminished effort to cook and prepare food as you have no one to share the food with and no one to cook for. Many participants in the study reported preparing simpler meals and eating less frequently later in life. This could be an explanation to why the eating patterns in our older group significantly differed from the younger group. However, as most of the participants in the study from 2018 were > 70 years old, it is not sure that the same reasons could be applicable on the older age group in our study (26).

A difference in eating patterns between men and women has been previously reported. Women reported eating three main meals plus at least one snack to a greater degree than men in a study from 2018 on eating patterns of US adults (27). Both the number of snacks per day and the number of meals per day were higher among women than in men. Also, to be noted is that the American adults reported eating a total of five times per day in general, including two snack episodes daily, a pattern resembling that found in our study. However, as there is no general definition of meals and meal size, a comparison between studies and countries is uncertain.

The strength of our study is the high participation rate and the low internal non-response. The only internal missing data (n = 7) were for the item self-rated eating habits. Anthropometrics were taken in a standardized way by experienced nurses, and the questionnaires were completed on location during the health examination. This allowed the participants to be able to ask questions if something was unclear and to ensure that measurements were taken correctly. Carrying out the data collection in this way is considered as a strength. As the study was conducted on a culturally homogenous group of Swedish adults with overweight and obesity, mainly women, it is not possible to generalize conclusions to the general population. However, the fact that the study group was homogenous can also be considered as a strength as the results can be specifically applicable for middle-aged overweight women wanting to lose weight.

The most common method used to assess diet and/or eating patterns on individuals or at a group level is food frequency questionnaires (28). We used a self-invented open matrix question, where answers were interpreted and categorized according to defined categories. This procedure is innovative, and it was perceived easy to understand and answer by the participants during data collection and does not restrict answers to predetermined alternatives. However, validation studies are needed to assess the value and benefit of the questioning approach. The data are limited by the great variation in the extent of the participants’ answers to the open matrix question. A similar food quality assessment method has been used in structured interviews, and an interview may allow for more in-depth and equivalent data (29). Another possible weakness was difficulties in interpreting the answers as the participants completed by hand what they eat in a typical day. Two different people trying to interpret the written answers might not perceive the answers equally, which is a potential source of error. The data material was partially difficult to interpret as the participants completed the matrix question with varying accuracy and detail. An estimation is that 15–20% of the data material was difficult to code into the defined categories. An improvement could be to time the intervals of the eating windows, in which the participants completed what they ate on a typical weekday.

Our study has several limitations such as the cross-sectional design, the small sample size, and the lack of data on food and energy content, which are likely to covary with the number of eating occasions. Multiple statistical testing may impact and increases the risk of false positive outcomes, which may overestime the results. This is of minor inportance since the regression models found no associations between studied variables. However, this small study and the study design do not exclude false negative results. Multicollinearity might be limiting but is not considered problematic in our regression model, given that the Variation Inflation Factors (VIFs) were low. The cross-sectional study design does not allow for assessing causal relationships between eating patterns and how they influence anthropometric measurements, such as BMI, waist measurements, and blood pressure. It is a limitation that blood pressure data were assessed at just one occasion although it was measured twice. More studies are needed to evaluate the potential connections between eating pattern and blood pressure, especially as hypertension is one of the major health concerns, and eating patterns is a modifiable lifestyle factor. Approximately 50 percent of the study population were on medications for hypertension or cardiovascular disease (17). Future analysis of the follow-up trial data will enable prospective analysis. Diet, food content, eating patterns, meal habits, and anthropometrics are closely interconnected to one another, which makes it a complex topic to study, and potential interactions need to be considered. Identifing valid and reliable measurement instruments and methods that are both clinically relevant and practically feasible while ensuring high response rates in the study of dietary factors and health presents a major challenge. There is evidence that it is common to state healthier eating habits than one actually has, which can make results misleading if the information reported is not correct (30).

Conclusions

The findings of our study demonstrate that the predominant eating pattern among Swedish adults with overweight and obesity was a meal structure encompassing breakfast, lunch, and dinner as prepared meals and two snacks. Older participants, aged 55 years and above, reported a higher snack intake and lower consumption of prepared meals compared to their younger counterparts. Sex differences were observed, with women having more daily eating occasions compared to men. However, no associations were found between eating patterns and anthropometrics or between eating patterns and blood pressure after adjustment for age and sex. Further research on whether and how eating patterns affect anthropometrics and blood pressure is warranted as it might give future insights valuable for health counseling.

Acknowledgments

The authors are grateful to Veronica Fyhrlund and Annelie Franzén for participation in the data collection and to Lena Widén for administrative tasks.

Ethics statement

This study was conducted in accordance with the Declaration of Helsinki, and the intervention study was approved by the Ethics Review Board in Linköping, Sweden, Dnr: 2014/231-31.

Informed consent was obtained from all subjects involved in this study.

Trial Registration: Clinicaltrials.gov number: NCT03441308, register date 2018-02-22.

Disclosure statement

The authors report no conflict of interest.

Funding

This study was financed by unrestricted research grants from Research and Development Fund of Health Care, Region Kronoberg, Växjö, Sweden, and by the Research Council of South Eastern Sweden (FORSS), Linköping, Sweden. The funders had no role in the design of the study; in the collection, analyses, or interpretation of data; in the writing of the manuscript, or in the decision to publish the results.

Notes on contributors

ES performed the primary data handling and analysis and drafted the manuscript.

KA designed the study, performed analysis, and interpreted results.

MB participated in the study design, collected data, and delivered the intervention.

LL designed the study, collected data, and interpreted results.

SH designed the study, performed data handling and analysis, interpreted results, and prepared the manuscript.

All authors contributed to the final manuscript.

References


	1.	WHO. Obesity and overweight [Internet]. Genève: Word Health Organization; 2024. Available from: https://www.who.int/news-room/fact-sheets/detail/obesity-and-overweight [cited 5 February 2025].

	2.	FHM. Public Health Agency of Sweden. Prevalence of overweight and obesity. FHM: Public Health Agency of Sweden; 2024. Available from: https://www.folkhalsomyndigheten.se/livsvillkor-levnadsvanor/mat-fysisk-aktivitet-overvikt-och-fetma/overvikt-och-fetma/ [cited 5 February 2025].

	3.	Chowdhury EA, Richardson JD, Holman GD, Tsintzas K, Thompson D, Betts JA. The causal role of breakfast in energy balance and health: a randomized controlled trial in obese adults. Am J Clin Nutr. 2016;103:747–56. doi: 10.3945/ajcn.115.122044

	4.	Megson M, Wing R, Leahey TM. Effects of breakfast eating and eating frequency on body mass index and weight loss outcomes in adults enrolled in an obesity treatment program. J Behav Med. 2017;40:595–601. doi: 10.1007/s10865-017-9828-0

	5.	Kahleova H, Lloren JI, Mashchak A, Hill M, Fraser GE. Meal frequency and timing are associated with changes in body mass index in adventist health study 2. J Nutr. 2017;147:1722–8. doi: 10.3945/jn.116.244749

	6.	Ma Y, Bertone ER, Stanek EJ, 3rd, Reed GW, Hebert JR, Cohen NL, et al. Association between eating patterns and obesity in a free-living US adult population. Am J Epidemiol. 2003;158:85–92. doi: 10.1093/aje/kwg117

	7.	Keast DR, Nicklas TA, O’Neil CE. Snacking is associated with reduced risk of overweight and reduced abdominal obesity in adolescents: National Health and Nutrition Examination Survey (NHANES) 1999–2004. Am J Clin Nutr. 2010;92:428–35. doi: 10.3945/ajcn.2009.28421

	8.	RA, Giovannucci E, Willett WC, van Dam RM, Hu FB. Eating patterns and type 2 diabetes risk in men: breakfast omission, eating frequency, and snacking. Am J Clin Nutr. 2012;95:1182–9. doi: 10.3945/ajcn.111.028209

	9.	Cahill LE, Chiuve SE, Mekary RA, Jensen MK, Flint AJ, Hu FB, et al. Prospective study of breakfast eating and incident coronary heart disease in a cohort of male US health professionals. Circulation. 2013;128:337–43. doi: 10.1161/CIRCULATIONAHA.113.001474

	10.	Sievert K, Hussain SM, Page MJ, Wang Y, Hughes HJ, Malek M, et al. Effect of breakfast on weight and energy intake: systematic review and meta-analysis of randomised controlled trials. BMJ. 2019;364:l42. doi: 10.1136/bmj.l42

	11.	Mooney SJ, Baecker A, Rundle AG. Comparison of anthropometric and body composition measures as predictors of components of the metabolic syndrome in a clinical setting. Obes Res Clin Pract. 2013;7:e55–66. doi: 10.1016/j.orcp.2012.10.004

	12.	Newby PK, Muller D, Hallfrisch J, Qiao N, Andres R, Tucker KL. Dietary patterns and changes in body mass index and waist circumference in adults. Am J Clin Nutr. 2003;77:1417–25. doi: 10.1093/ajcn/77.6.1417

	13.	Cunha DB, de Almeida RM, Sichieri R, Pereira RA. Association of dietary patterns with BMI and waist circumference in a low-income neighbourhood in Brazil. Br J Nutr. 2010;104:908–13. doi: 10.1017/S0007114510001479

	14.	Hall JE, do Carmo JM, da Silva AA, Wang Z, Hall ME. Obesity, kidney and hypertension: mechanistic links. Nat Rev Nephrol. 2019;15:367–85. doi: 10.1038/s41581-019-0145-4

	15.	Theodoridis X, Chourdakio M, Chrysoula L, Chroni V, Tirodimos I, Dipla K, et al. Adherenece to the DASH diet and risk of hypertension: a systematic review and meta-analysis. Nutrients. 2023;15:3261. doi: 10.3390/nu15143261

	16.	Leech RM, Timperio A, Worsley A, McNaughton SA. Eating patterns of Australian adults: associations with blood pressure and hypertension prevalence. Eur J Nutr. 2019;58:1899–909. doi: 10.1007/s00394-018-1741-y

	17.	Holmberg S, Lendahls L, Alle KÅ. ‘Dare to feel full’ – a group treatment method for sustainable weight reduction in overweight and obese adults: a randomized controlled trial with 5-years follow-up. PLoS One. 2024;19:e0303021. doi: 10.1371/journal.pone.0303021

	18.	Murakami K, Shinozaki N, Livingstone MBE, Fujiwara A, Asakura K, Masayasu S, et al. Meal and snack frequency in relation to diet quality in Japanese adults: a cross-sectional study using different definitions of meals and snacks. Br J Nutr. 2020;124:1219–28. doi: 10.1017/S0007114520002317

	19.	Leech RM, Livingstone KM, Worsley A, Timperio A, McNaughton SA. Meal frequency but not snack frequency is associated with micronutrient intakes and overall diet quality in Australian men and women. J Nutr. 2016;146:2027–34. doi: 10.3945/jn.116.234070

	20.	Kim S, Park GH, Yang JH, Chun SH, Yoon HJ, Park MS. Eating frequency is inversely associated with blood pressure and hypertension in Korean adults: analysis of the Third Korean National Health and Nutrition Examination Survey. Eur J Clin Nutr. 2014;68:481–9. doi: 10.1038/ejcn.2014.9

	21.	Karatzi K, Georgiopoulos G, Yannakoulia M, Efthimiou E, Voidonikola P, Mitrakou A, et al. Eating frequency predicts new onset hypertension and the rate of progression of blood pressure, arterial stiffness, and wave reflections. J Hypertens. 2016;34:429–37; discussion 37. doi: 10.1097/HJH.0000000000000822

	22.	Titan SM, Bingham S, Welch A, Luben R, Oakes S, Day N, et al. Frequency of eating and concentrations of serum cholesterol in the Norfolk population of the European prospective investigation into cancer (EPIC-Norfolk): cross sectional study. BMJ. 2001;323:1286–8. doi: 10.1136/bmj.323.7324.1286

	23.	Moon S, Kang J, Kim SH, Chung HS, Kim YJ, Yu JM, et al. Beneficial effects of time-restricted eating on metabolic diseases: a systemic review and meta-analysis. Nutrients. 2020;12:1267. doi: 10.3390/nu12051267

	24.	Vellas BJ, Hunt WC, Romero LJ, Koehler KM, Baumgartner RN, Garry PJ. Changes in nutritional status and patterns of morbidity among free-living elderly persons: a 10-year longitudinal study. Nutrition. 1997;13:515–9. doi: 10.1016/s0899-9007(97)00029-4

	25.	Aloia JF, Vaswani A, Ma R, Flaster E. Aging in women – the four-compartment model of body composition. Metabolism. 1996;45:43–8. doi: 10.1016/s0026-0495(96)90198-5

	26.	Whitelock E, Ensaff H. On your own: older adults’ food choice and dietary habits. Nutrients. 2018;10:413. doi: 10.3390/nu10040413

	27.	Kant AK. Eating patterns of US adults: meals, snacks, and time of eating. Physiol Behav. 2018;193:270–8. doi: 10.1016/j.physbeh.2018.03.022

	28.	Cho E, Chen WY, Hunter DJ, Stampfer MJ, Colditz GA, Hankinson SE, et al. Red meat intake and risk of breast cancer among premenopausal women. Arch Intern Med. 2006;166:2253–9. doi: 10.1001/archinte.166.20.2253

	29.	Thelin A, Holmberg S. Type 2 diabetes and lifestyle – a prospective population-based cohort study among rural men. Int J Diabetes Clin Res. 2014;1:010. doi: 10.23937/2377-3634/1410010

	30.	Samhällsmedicin CCfEaC. Folkhälsorapporten 2023: Matvanor. Stockholm: Region Stockholm. Available from: https://www.folkhalsorapportstockholm.se/rapporten2/levnadsvanor/matvanor/ [cited 5 February 2025].



OPS/symbol.jpg





OPS/CoverDesign.jpg
Upsala J Med Sci

Upsalagotrnal
ofiViedicallSGIeENnGeS;

Eating patterns in relation to anthropometrics and blood
pressure among adults with overweight and
obesity — a cross-sectional study
Elin Siurua, Kjell-Ake Alle, Mari Bergenholtz, Lena Lendahis and Sara Holmberg

Published by the Upsala Medical Society






