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Purpose: Data on the link between adherence to low-carbohydrate diet (LCD) and odds of chronic obstructive pulmonary disease (COPD) are scarce. The current study aimed to investigate the relation between adherence to LCD and COPD in Iranian adults.

Methods: In this hospital-based case-control study, we enrolled 84 newly-diagnosed COPD patients and 252 age and sex matched healthy controls in Alzahra University Hospital, Isfahan, Iran. COPD was defined based on findings of spirometry test (forced expiratory volume in 1 s (FEV1)/forced vital capacity (FVC) < 70% or FEV1 < 80%). Dietary intakes of study participants were assessed using the validated Block-format 168-item FFQ. Data on potential confounders were also collected through the use of a pre-tested questionnaire.

Results: Mean age of cases and controls were 57.7 and 55.07 years, respectively. Adherence to LCD was inversely associated with odds of COPD (0.35; 95% CI: 0.16-0.75). This inverse association did not alter after controlling for age, sex, and energy intake (0.42; 95% CI: 0.19-0.93). Adjustments for other potential confounders, including dietary intakes, smoking, and educational status, did not affect these findings; such that those in the highest quintile of LCD score were 64% less likely to have COPD than those in the lowest quintile (OR: 0.36; 95% CI: 0.13-0.99).

Conclusion: We found an inverse association between adherence to LCD and odds of COPD. The association remained statistically significant even after taking other potential confounders, including socioeconomic characteristic and dietary intakes into account.
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INTRODUCTION

Chronic obstructive pulmonary disease (COPD) is an inflammatory lung disease characterized by progressive airflow limitation (1). It is the fourth leading cause of death in the world. More than 210 million people globally and 15 million people in US are affected (2). The World Health Organization (WHO) has predicted that COPD will become the third most common cause of death in the world by 2030 (3). The symptoms often appear when significant lung damages have occurred. The main symptom is a daily cough and mucus production (4).

Active and passive exposure to tobacco smoke is the most significant risk factor for COPD. In addition to air pollution, occupational pollutants, age, and genetics, several nutritional factors have also been investigated in relation to COPD (5). For instance, fruit and vegetable consumption, fish intake, vitamin D and C supplementation, and low intake of cured meats have been linked with a lower risk of COPD (6–9). Due to the different respiratory quotients (RQs) of carbohydrates, proteins and fats, inappropriate long term intake of these macronutrients might affect lung health. Consumption of high-fat low-carbohydrate diets, less tha <130 grams of carbohydrate per day, was associated with easier breathing in COPD patients (10–12). However, findings from clinical trials cannot be easily generalized to daily routine life due to the use of a high-dose intervention in a short time. To prevent COPD in the community, observational studies which focus on normal routine life are required. Consumption of a low carbohydrate diet in epidemiologic studies was inversely associated with obesity, cardiovascular disease and diabetes (13–17); however, the link between adherence to a low carbohydrate diet in usual life and risk of COPD was not investigated.

Assessment of the contribution of low carbohydrate diet to chronic conditions is particularly relevant for Middle East countries, where people usually consume high amounts of carbohydrates and low amounts of dietary proteins (18, 19). Although the quantity of dietary fat intake in these countries is not so high, the quality of dietary fats needs further attention. On the other hand, dietary intake of antioxidants, a well-known contributor to lung health, in these countries is low. Therefore, this study aimed to investigate the relation between adherence to a low carbohydrate diet and odds of COPD in Iranian adults.



METHODS


Participants

This hospital-based case-control study was carried out on 84 newly-diagnosed COPD patients and 252 healthy controls [non-COPD patients] in Alzahra University Hospital, Isfahan, Iran, in 2015. Cases were individuals with forced expiratory volume in 1 s (FEV1)/forced vital capacity (FVC) < 70% or FEV1 < 80%. Controls were individuals without a history of COPD who were hospitalized in the same hospital. Case and control groups were individually matched in terms of age (±5), and sex. Individuals older than 30 years of age and those whom COPD diagnosis was based on physician diagnosis and spirometry test were not included in the case group. Participants were excluded if they had stroke, dementia, or any condition that would preclude the possibility for an interview. Moreover, other chronic diseases including chronic liver cirrhosis, renal failure, uncontrolled thyroid disease, inflammatory bowel disease, rheumatoid arthritis, severe heart failure, cachexia, cancer in the past 3 years, chronic infections (HIV, tuberculosis, etc.), systematic period of treatment by steroids drugs for a long time, and other pulmonary problems such as fibrosis were considered as non-inclusion criteria due to their effects on patients' dietary patterns or inability of these people to respond to questions. All cases and controls provided their written informed consent. The study was ethically approved by the Medical Ethics Committee of the Tehran University of Medical Sciences, Tehran, Iran.



Assessment of Dietary Intakes

Usual dietary intakes of participants over the past year were assessed using a validated 168-item FFQ. The FFQ consisted of 168 food items with a standard serving size for each food item (20). A trained interviewer administered the FFQ through face to face interviews. All reported consumptions were converted to grams per day using household measures (21). Subsequently, daily intakes of energy and nutrients were computed for each person using the US Department of Agriculture food composition database using Nutritionist IV software (www.worldcat.org) that was modified for Iranian foods (22).

To assess the adherence to the low carbohydrate diet (LCD), we used a validated method which described below and divided the study participants into deciles of fat, protein and carbohydrate intakes, expressed as a percentage of energy (23, 24). For fat and protein, highest intake received 10 points and lowest intake received 1 points. For carbohydrate, the order of the received points was reverse; those with the lowest carbohydrate intake received 10 points and those with the highest carbohydrate intake received 1 points. Then, the points for each of the three macronutrients were summed to create the overall diet score, which ranged from 3 (the lowest fat and protein intake and the highest carbohydrate intake) to 30 (the highest protein and fat intake and the lowest carbohydrate intake). Therefore, the higher the score, the more closely the participant's diet followed the pattern of a low-carbohydrate diet. Cut points were taken from control groups.



Assessment of Pulmonary Function

A trained technician assessed pulmonary function with spirometry test and calculated FEV1, FVC, and FEV1/FVC. Other respiratory symptoms, including chronic cough, sputum production, and breathlessness, were assessed. Chronic cough refers to coughing for more than 3 weeks (25). Sputum production for more than 3 months in 2 consecutive years is an epidemiologic definition of sputum production (26, 27). Breathlessness was assessed using a visual analog scale. A visual analog scale is a 100-mm horizontal line with descriptive words on both sides for individuals to explain their breathlessness rate using picture observations (28).



Assessment of Other Variables

Required information about age, gender, marital status, education level, cigarette smoking (current smoker, ex-smoker, never smoker), familial history of pulmonary disorders, and history of drug and supplement use were collected through the use of a pre-tested questionnaire. Body weight was quantified by digital scale to the nearest 100 g with minimal clothes and bare feet. Height was measured without shoes with shoulders in a normal position. BMI was calculated as weight in kilograms divided by height in square meters. The long form of the International Physical Activity Questionnaire (IPAQ) was administered to examine participants' daily physical activity (29). Physical activity was calculated based on metabolic equivalent for task (MET), number of days per week, and amount of time per day (minutes) and was finally expressed as MET.min/week.



Statistical Methods

Participants were categorized into quintiles based on LCD score. General characteristics and dietary intakes of participants across quintiles of LCD score were compared using one-way ANOVA for continues variables and chi-square tests for categorical variables. The association between LCD score and COPD was assessed by using logistic regression in different models. Model 1 adjusted for age, sex, and energy intake (kcal/d). Additional adjustment was conducted for university education (yes/no), and smoking status (yes/no). Finally, we adjusted the analysis for dietary intakes of red and processed meats, whole grain, and sugar-sweetened beverages. All confounders were chosen based on previous publications (30–34). The statistical analyses were carried out by using SPSS version 21. P-values were considered significant at <0.05.




RESULTS

General characteristics of cases and controls are shown in Table 1. Cases were more likely to be married, smoker, employed, physically active and have family history of pulmonary disease and exposure to industrial air pollution. As expected, FEV1, FVC, and FEV1/FVC were significantly higher in cases than controls.


Table 1. Characteristics of patients with COPD and control subjects.
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Dietary intakes of cases and controls were presented in Table 2. Patients with COPD had lower intakes of whole grains, red and processed meats, and sugar-sweetened beverages than controls. In addition, they had greater intakes of energy, carbohydrate, cholesterols, sodium, magnesium, Vitamin K, and dietary fibers than controls.


Table 2. Mean dietary intakes among patients with COPD and control subjects.
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Comparing across quintiles of LCD score, we found that participants with the highest LCD score were more likely to be physically active, employed, smoker, expose to air pollution, have lower mean weight and BMI and less likely to use hookah than those with the lowest score (Table 3). Looking at dietary intakes, we observed that those with the greatest adherence to LCD had higher intakes of low fat dairy, whole grains, red and processed meats, proteins, fats, cholesterol, magnesium, vitamin E and vitamin K and lower intakes of energy and carbohydrates than those with the lowest adherence (Table 4).


Table 3. Characteristics of study participants among quintiles of LCD score.
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Table 4. Mean dietary intakes of study participants among quintiles of LCD score.
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Multivariable-adjusted odds ratios and 95% confidence intervals for COPD across quartiles of LCD score are shown in Table 5. Adherence to LCD was inversely associated with odds of COPD (0.35; 0.16-0.75, P = 0.007). This inverse association did not alter after controlling for age, sex, and energy intake (0.42; 0.19-0.93, P = 0.031). Adjustments for other potential confounders, including dietary intakes, smoking and educational status, did not affect these findings; such that those in the highest quintile of LCD score were 64% less likely to have COPD than those in the lowest quintile (OR: 0.36; 95% CI: 0.13-0.99, P = 0.045).


Table 5. Multivariable-adjusted odds ratios for COPD across quintiles of LCD scores.
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DISCUSSION

We found an inverse association between adherence to LCD and odds of COPD. The association remind statistically significant even after taking other potential confounders, including socioeconomic characteristic and dietary intakes into account. This study is the first to examine the association between adherence to LCD and odds of COPD in case-control study.

COPD has a high mortality rate in the world. This condition appears when significant lung damages have occurred (5). Dietary intakes are among other significant factors contributing to COPD. In a randomized double blind study, consumption of a low-carbohydrate high-fat diet resulted in a significantly lower production of CO2 (35). Patients with COPD and hypercapnia fed low, moderate, and high carbohydrate diets to determine the effects on metabolic and ventilatory values. Individuals in the low-carbohydrate diet had lower production of CO2 (P < 0.002), respiratory quotient (P < 0.001), and arterial Pco2 (P < 0.05) compared with those in other groups. Another randomized study demonstrated that consumption of a high-fat low-carbohydrate diet affected pulmonary function. In that study individuals in the experimental group had decreased lung function measurements and increased forced expiratory volume compared with those in the control group (36). Our findings in the context of an observational study also revealed an inverse relationship between adherence to LCD and odds of COPD in Iranian adults. Although findings from clinical trials are much stronger than those from case-control studies, reaching a similar finding in observational studies indicate that these findings could be generalized to the normal life of people.

Low-carbohydrate high-fat diet can affect pulmonary function through its influence on respiratory quotient (37, 38). As we all know, RQ for carbohydrate (1.0) is higher than that for protein (0.8) and fat (0.7). At the same volume of oxygen input, CO2 production would be higher with a high-carbohydrate diet, while consumption of a high-fat low-carbohydrate diet can result in decreased RQ and pulmonary function (39). On the other hand, consumption of a high-fat very low-carbohydrate diet, called as ketogenic diets, might favorably affect the lung inflammation through production of beta-hydroxybutyrate. Consumption of ketogenic diet would result in expending high amounts of fats as a fuel, rather than glucose, and this would in turn produce ketone bodies at the amount of higher than CO2. High production of ketone bodies has been associated with suppressed nucleotide-binding oligomerization domain-like receptor 3 (NLRP3), which is the main inflammatory driver in COPD (40, 41). One of the points that should be considered in interpreting the findings of this article is the relationship between shortness of breath and carbohydrate consumption. COPD patient and others who suffer from shortness of breath and chronic cough might be easier to consume lower amount of carbohydrate (42, 43). In fact, the relation between carbohydrate intake and COPD is bilateral and this confounder must be considered.

This study has several strengths. It is the first observational study that assessed the relationship between consumption of LCD and risk of COPD in the Middle East. We controlled for a wide range of confounders in the present study to reach an independent association. Cases and controls were matched in terms of age and sex to avoid their probable contributing effect on COPD. Moreover, spirometry testing was done for all participants to ensure correct classification of study participants in terms of COPD status. This study has some limitations as well. Because of the case-control design, selection and recall biases cannot be avoided. Previous epidemiological studies have shown that cases generally recall their usual past dietary intakes better than controls. We enrolled controls from individuals who were hospitalized in the same hospitals. In hospital-based case-control studies, different patterns of referring cases and controls might result in a greater selection bias. In the current study, FFQ was used for assessing dietary intakes. As we all know, the accuracy of reported dietary intakes by FFQ is lower than those obtained from dietary records or recalls. Therefore, the possibility of misclassification of participants in terms of dietary intakes cannot be excluded. Furthermore, observational studies cannot reveal a causal relationship. Therefore, prospective studies are required to confirm these findings.



CONCLUSION

In conclusion, our findings suggested an inverse association between consumption of LCD diet and odds of COPD, even after taking potential confounders into account, in a group of adult individuals. However, further studies are required to confirm these findings.
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