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A nationwide population‑based 
study in South Korea 
on a relationship between height 
and anosmia
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The relationship between anosmia and anthropometric factor has not been investigated sufficiently 
yet. Thus, the purpose of this study was to evaluate anthropometric risk factors of anosmia in an Asian 
population. Claims data of subjects over 20 years old who underwent a national health examination 
conducted by the Korean National Insurance Program between 2005 and 2008 were analyzed. 
They were followed up through the Korean National Insurance Service database. Individuals newly 
diagnosed with anosmia were identified after the initial health examination until the last follow‑up 
date (December 31, 2016). The incidence of anosmia was high in females younger than 70 years old. 
The hazard ratio of anosmia was found to be higher in taller groups. The tallest quintile had higher 
risk than the shortest quintile (hazard ratio = 1.185, 95% confidence interval: 1.147–1.225) after 
adjusting for age, sex, BMI, income, smoking status, alcohol consumption, regular physical activity, 
hypertension, diabetes mellitus, and dyslipidemia. This study showed that the incidence of anosmia 
had a positive association with height. However, careful interpretation is needed to generalize our 
result because of the limitation of the study population. Further studies are needed to clarify the 
genetic or environmental causes of anosmia.

Anosmia means the loss of the sense of smell. It is also commonly used to indicate a decreased sense of smell. 
Prevalence of anosmia has diverse ranges according to study design. In previous studies, its prevalence has 
been estimated at 1.42 ∼ 24.5%1. The reason for such a wide range of its prevalence is due to the absence of a 
standardized diagnostic method to estimate the exact prevalence of  anosmia2. Diagnostic tools for anosmia also 
differ from area to area.

The term anosmia is not a final diagnosis in general condition. The term is a kind of symptom caused by a 
series of condition. Causes of anosmia can be classified into conductive and sensory-neural ones according to 
 etiology3. The most common cause of anosmia is upper respiratory tract infection (URI) that usually makes it dif-
ficult to transmit  odorants4. Anosmia caused by URI usually could be resolved within several months. The short-
ness of its resolving period and conventional image of anosmia playing a less prominent role in its diagnosis have 
made people overlook the importance of  anosmia4,5. However, when we look at the relationship between anosmia 
and neurodegenerative diseases such as dementia, anosmia cannot be overlooked. Anosmia is well known as an 
early sign of neurodegenerative  disease6–10. Additionally, as quality of life (QOL) has gradually become a topic 
of well-being, several studies have reported that anosmia is related to QOL, especially in elderly  individuals11–13.

Despite the clinical importance of anosmia, its risk factor in Asia has been rarely reported. Previous studies 
on non-Asian population have presented many risk factors of anosmia, including age, sex, air pollution, virus, 
smoking, income rate, diabetes mellitus, and neurodegenerative  disease13–17. However, the relationship between 
anosmia and anthropometric factors has not been reported yet. Therefore, the objective of this study was to 
identify new anthropometric risk factor of anosmia in an Asian population through analyses of big database of 
Korean National Health Insurance Service (KNHIS).
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Results
Demographics according to height quintile. We classified 9,937,806 subjects into five groups accord-
ing to height. Supplementary Table 1 shows cutoff values for the classification. The number of participants in 
each group was about 2,000,000. Table 1 shows demographics of participants by height quintile. Among these five 
quintile groups, Q1 had lower alcohol consumption rate than Q5. This trend continuted from Q1 to Q5 (5.97%, 
6.51%, 7.25%, 7.19%, 7.4%, respectively). The lowest income status ( < 20% ) showed a decreasing trend from 
Q1 to Q5 (23.92%, 21.21%, 20.02%, 19.66%, 18.95%). Q1 had higher incidence rate of hypertension and dyslipi-
demia than Q5. This trend continued from Q1 to Q5 for hypertension (26.7%, 25.23%, 26.62%, 25.25%, 24.96%, 
respectively) and dyslipidemia (18.94%, 18.34%, 18.7%, 18.07%, 17.26%, respectively). On the other hand, the 
incidence rate of chronic kidney disease (CKD) was reversed. It was increased with height (5.51%, 5.63%, 6.17%, 
6.06%, 6.35%, respectively). Waist circumference (WC) showed an increasing trend from Q1 to Q5 (78.34 ± 
8.65 cm, 79.41 ± 8.8 cm, 80.65 ± 8.84 cm, 80.84 ± 9.11 cm, 81.9 ± 9.49 cm). Glomerular filtration rate (GFR) 
showed a decreasing trend from Q1 ( 89.49± 39.05mL/min/1.73m2 ) to Q5 ( 87.46± 48.72mL/min./1.73m2 ). 
Other characteristics such as age, sex, smoking, fasting blood sugar (FBS), body mass index (BMI), blood pres-
sure (BP), or triglyceride (TG) showed no obvious trends according to height, although they were significantly 
different among quintile groups.

Risk of anosmia according to age and sex. The number of newly developed anosmia was 73,473 and 
the incidence rate was 1.019 (per 1000 person-years). Effects of age and sex on incidence of anosmia was ana-
lyzed in five groups (Q1–Q5) of height (Fig. 1). The incidence of anosmia was similar among age groups, exclud-
ing elderly individuals over 70 years who showed a low incidence rate. The elderly and male group showed 
relatively lower incidence rate than the younger and female groups. Peak incidence rate was shown in females in 
their 50s. The incidence of anosmia showed a trend of an increase with greater height in overall groups.

Risk of anosmia according to height. Table 2 shows results of multivariate analysis between the risk of 
anosmia according to height. The Q5 height group had significantly higher risk of anosmia than the risk in the 
Q1 height group. The adjusted risk of anosmia was increased in the taller population. The model was adjusted 

Table 1.  Demographics of subjects according to height quintile. CKD chronic kidney disease, FBS fasting 
blood sugar, BMI body mass index, WC waist circumference, BP blood pressure, GFR glomerular filtration 
rate, TG triglyceride. Data are expressed as mean ± SD or n (%).

Height

Q1 Q2 Q3 Q4 Q5

(n = 2009895) (n = 1966001) (n = 1946883) (n = 1966964) (n = 2048063)

Age (y) 47.81±14.55 46.72±14.09 47.56±14.28 46.96±13.64 46.69±14

Age group

20–39 611108 (30.4) 670227 (34.09) 621131 (31.9) 570379 (29) 644059 (31.45)

40–64 1106670 (55.06) 1046597 (53.23) 1045191 (53.69) 1160445 (59) 1155307 (56.41)

≥65 292117 (14.53) 249177 (12.67) 280561 (14.41) 236140 (12.01) 248697 (12.14)

Sex

Male 1079127 (53.69) 1068074 (54.33) 1145647 (58.85) 1069568 (54.38) 1089249 (53.18)

Female 930768 (46.31) 897927 (45.67) 801236 (41.15) 897396 (45.62) 958814 (46.82)

Smoking status (yes) 501221 (24.94) 515796 (26.24) 543057 (27.89) 515354 (26.2) 528511 (25.81)

Alcohol consumption

Yes 119968 (5.97) 127939 (6.51) 141168 (7.25) 141390 (7.19) 151649 (7.4)

No 1889927 (94.03) 1838062 (93.49) 1805715 (92.75) 1825574 (92.81) 1896414 (92.6)

Lowest income status 
( < 20%) 480816 (23.92) 416938 (21.21) 389712 (20.02) 386767 (19.66) 388099 (18.95)

Hypertension 536868 (26.71) 496010 (25.23) 518344 (26.62) 496672 (25.25) 511100 (24.96)

Dyslipidemia 380656 (18.94) 360547 (18.34) 364066 (18.7) 355344 (18.07) 353566 (17.26)

CKD 110752 (5.51) 110775 (5.63) 120042 (6.17) 119247 (6.06) 130039 (6.35)

FBS level (mg/dL) 97.09±23.37 96.81±22.67 97.45±23.12 97.18±22.73 97.21±22.77

BMI (kg/m2) 23.74±3.23 23.73±3.2 23.78±3.18 23.68±3.19 23.59±3.23

WC (cm) 78.34±8.65 79.41±8.8 80.65±8.84 80.84±9.11 81.9±9.49

BP (mmHg)

Systolic 122.51±15.49 122.23±15.04 122.8±14.88 122.29±14.74 122.3±14.58

Diastolic 76.26±10.14 76.19±10.01 76.51±9.93 76.29±9.92 76.25±9.87

GFR (mL/min/1.73m2

) 89.49±39.05 88.85±42.7 88.06±44.69 87.77±44.56 87.46±48.72

log TG 114.04 (113.95–
114.13)

113.89 (113.8–
113.98)

116.01 (115.92–
116.11)

113.4 (113.31–
113.49)

111.18 (111.09–
111.27)
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for various risk factors such as age, sex, BMI, income, smoking, alcohol consumption, regular physical activity, 
hypertension, diabetes mellitus, and dyslipidemia. Risks of anosmia were higher in the under 40 age group, over 
65 age group, taller males, and the low BMI group (< 18.5 kg/m2 ). Figure 2 shows hazard (HR) and 95% confi-
dence interval (CI) according to height deciles using the same adjusting model of Table 2. We used height deciles 
not quintiles in Table 2 because the modification of hazard ratio according to height was clearer in deciles. The 
high risk of anosmia in taller population means that taller individuals are more likely to have anosmia than 
shorter individuals.

Discussion
There are a series of studies to show a correlation between olfactory impairment and anthropometric measures. 
Among anthropometric measures, BMI was the most focused characteristic. Some studies showed clues of a 
negative correlation between olfactory function and BMI. A recent National Health and Nutrition Examination 
Survey based study reported that olfactory dysfunction has a relationship with high BMI and WC in middle-aged 
 women18. Another previous study also showed a similar result in male  subjects19. Anatomically, over-weight could 
be correlated with low olfactory bulb  volume20. On the other hand, normal olfactory function may prevent weight 
loss by keeping a flavor of taste, especially in elderly people. Lowering of the sense of smell is related to nutritional 
 risk21. Decreased olfactory function was associated with  underweight22. A nutriepigenomic study using 474 
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Figure 1.  Unadjusted incidence rate of anosmia according to 10-year age group at baseline, sex and height (in 
quintiles).

Table 2.  Multivariate Cox’s proportional hazard regression model of the relationship between height and risk 
of anosmia. Model: adjusted for age, sex, BMI, income, smoking status, alcohol consumption, regular physical 
activity, hypertension, diabetes mellitus, dyslipidemia. BMI body mass index, HR hazard ratio, 95% CI 95% 
confidential interval of hazard ratio. Data are expressed as HR (95% CI).

Group

Height

Q1 Q2 Q3 Q4 Q5

Total 1 1.063 (1.038–1.088) 1.092 (1.066–1.118) 1.116 (1.091–1.142) 1.137 (1.111–1.163)

Age (y)

20–39 1 1.105 (1.059–1.153) 1.141 (1.093–1.191) 1.163 (1.113–1.214) 1.25 (1.199–1.303)

40–64 1 1.019 (0.988–1.05) 1.039 (1.007–1.071) 1.057 (1.026–1.089) 1.043 (1.012–1.074)

≥65 1 1.126 (1.046–1.214) 1.217 (1.134–1.307) 1.296 (1.205–1.393) 1.281 (1.192–1.377)

Sex

Male 1 1.096 (1.057–1.137) 1.13 (1.091–1.171) 1.135 (1.095–1.176) 1.207 (1.165–1.251)

Female 1 1.038 (1.007–1.071) 1.063 (1.03–1.097) 1.101 (1.068–1.135) 1.085 (1.053–1.118)

BMI (kg/m2)

<18.5 1 1.041 (0.916–1.184) 1.131 (0.993–1.288) 1.203 (1.063–1.361) 1.333 (1.185–1.499)

18.5–23 1 1.07 (1.03–1.112) 1.133 (1.09–1.177) 1.145 (1.103–1.188) 1.18 (1.137–1.224)

23–25 1 1.065 (1.017–1.116) 1.094 (1.045–1.146) 1.125 (1.074–1.178) 1.098 (1.048–1.149)

25–30 1 1.05 (1.005–1.096) 1.038 (0.994–1.084) 1.061 (1.016–1.108) 1.088 (1.042–1.135)

≥30 1 1.061 (0.938–1.199) 1.019 (0.899–1.155) 1.081 (0.957–1.222) 1.105 (0.978–1.248)
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subjects reported an interesting result showing genomic links between olfactory functions and anthropometric 
 measures23. In their study, methylation levels of olfactory pathway genes were associated with BMI and WC.

In this study, the authors used a single diagnostic code (R430) standing for anosmia. Research using non-fatal 
disease codes such as anosmia (R430) obviously has limitations. Because such diagnostic codes are easily omitted 
in a general situation. However, conversely, the authors thought that if such minor diagnostic code is registered 
in claims data, we can expect the code was the only symptom code, or it can be a relatively chief complaint in 
a participant. The authors intended to detect anthropometric risk factors in the participant having anosmia as 
a relatively major symptom. For the same purpose, this study did not use a combined code, ’impairment of the 
sense of smell and taste’. The authors expected that using a single minor diagnostic code may reduce the impact 
of confounding factors.

This study revealed that incidence of anosmia was related to greater height. It means that anthropometric 
factors such as height could affect the development of anosmia. Anthropometric features of individuals are 
determined by genetic and environmental factors. Despite bimodal influence, the effect of genetic factors on 
height is greater than that of environmental factors. Genetic influence on height has reached 60–80%24–26. The 
percentage of genetic influence is very constant regardless of populations, although different populations have 
different mean  heights27. The genetic influence on height has also been found in South Korean  children28. From 
this point of view, anosmia could be affected by some genetic factors.

This study revealed that greater height was significantly associated with higher risk of anosmia. This study 
chose a model after adjusting for confounding factors such as age, sex, BMI, income, smoking, alcohol consump-
tion, regular physical activity, hypertension, diabetes mellitus, and dyslipidemia. Although this study failed to 
show age-related increase in incidence rate of anosmia as shown in Fig. 1, the fact that smell identification ability 
had a tendency to decrease with age was well established. Therefore, we included age in our model in Table 2 and 
Fig. 2. In this study, the prevalence of dyslipidemia and hypertension was greater in the shorter height group. It is 
well known that hypertension and dyslipidemia are related to family history. Patient who have a family history of 
hypertension would have a two to fourfold higher risk of getting the  disease29,30. Family history of dyslipidemia is 
also associated with the presence of dyslipidemia in  pediatrics31–33. The relationship between human height and 
these two diseases with a family history could be explained by the influence of genetic and environmental factors.

This report is meaningful to reveal that the height is related to the risk of anosmia. A major features of this 
study is large subject size. This study could involve all claims in South Korea because we used a big database of the 
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Korean National Health Insurance (NHI) and the Korean Medical Aid programs. The database contains claims 
over 50 million which is almost 99% of the Korean  population34. The database also contains information about 
clinical diagnosis including anosmia. The information was collected from all medical institutions that requested 
claim to the KNHIS in South Korea. Another advantage of this study was the homogeneity of the study popula-
tion which consisted of South Korean. The homogeneity could reduce bias induced by racial  heterogeneity35.

There are a kinds of limitations in this study. First, there could be some undetected patients who didn’t visit 
a hospital despite their symptoms. Second, there is no definite diagnostic guideline for anosmia in South Korea. 
Thus, some clinics would diagnose anosmia without any subjective or objective diagnostic processes. Third, 
anosmia is a symptom that could have multiple causes. The most common cause is upper respiratory tract infec-
tion. Therefore, it could be unreasonable to interpret the results of this study under a hypothesis that anosmia is 
a homogeneous disease. Fourth, this study did not consider environmental factors such as climate or dwelling 
place. Fifth, the population enrolled in this study did not cover all patients with anosmia. The national health 
examination enrolled approximately one-fourth (10 million) of the total population over 20 years (39 million). 
Sixth, we did not consider the population unmet for medical care. The number of those unmet for medical care 
is about 9% of South  Korean36. They tend to have low economic status. If their incidence was reflected in this 
study, the incidence would be higher. Therefore, despite the huge number of the study population, it is unclear 
whether the subjects of this study could represent the whole Korean or Asian population.

In several studies, anthropometric measures such as BMI and WC have been used as predictors of risks of 
other  diseases37,38. Despite the purpose of this study was to analyze the correlation between anthropometric 
factors and anosmia, but failure to prove the relationship between BMI and WC is another limitation. Authors 
think a further study should be conducted to reveal the relationship. However, as shown in Table 1, according 
to the height quantile, BMI does not have a tendency, but WC tends to increase as the height increases, so this 
should be considered in the additional research.

A recent study by Roh et al. mentioned the relationship between coronary artery disease and anosmia in South 
 Korea39. However, this study was conducted before the study of Roh et al.. Moreover, in our preliminary study, 
we could limitedly found that ischemic heart disease (IHD) associated with anosmia, but myocardial infarction 
(MI) didn’t. The authors could not assurance this comorbidity could be a confounding factor. This limitation 
about confounding factors should be considered in the future study. On the other hand, as anosmia is a type of 
neurologic symptom, we concerned that the validation power would be degraded if we consider neurodegenera-
tive diseases as confounding factors. Therefore, in this study, the diseases such as Alzheimer’s disease, Parkinson’s 
disease, and stroke were not included in confounding factors.

In summary, results of this study suggest that anosmia is associate with greater height as one of its anthro-
pometric factors. Further studies are needed to reveal the mechanism of how height affects the risk of anosmia.

Methods
The methods for Lee et al. study was grossly referenced in this  study40.

Study design and data sources. This is a large-scale retrospective cohort study. This study analyzed two 
kinds of databases which are the ‘KNHIS claims database’ and the ‘Korean Health Examination database’. The 
Korean government offers the health examination service to a person every year or every other year accord-
ing to their occupations. General Koreans should undergo the health examination for office workers, heads of 
household, and household members over 40 years old. Therefore, the ’Korean Health Examination database’ 
contains extensive health information of Koreans. The health information includes not only disease information, 
but also anthropometric measurements. We used the ‘Korean Health Examination database’ to make groups of 
height. At the same time, we used the ’KNHIS claims database’ to evaluate the occurence of anosmia of the same 
subject. The Korean NHI database is a valuable dataset for large population epidemiologic  studies41. The Korean 
NHI program is a basic health care system of South Korea serviced for all Korean. Therefore, the KNHIS claims 
database includes whole claims data from the Korean Medical Aid program, the Korean NHI program, and other 
medical insurance programs from 2009 to 2016. The database covers most Korean population. For example, the 
database included 48,341,311 people in 2006 and 51,574,044 people in 2015. The database was built up with the 
International Classification of Disease, Tenth Revision, Clinical Modification (ICD-10-CM) codes. The authors 
analyzed the database from 2009 to 2016.

Study population and definition of anosmia. This study used the Korean Health examination data-
base including anthropometric measures, which made us to evaluate the incidence of anosmia in South Korea. 
First, a customized data was extracted from the Korean Health examination database to use the health examina-
tion data. We also requested individual age, sex, anthropometric features, underlying diseases (hypertension, 
diabetes mellitus, and dyslipidemia), and behavioral features (smoking habit, alcohol consumption, and regular 
physical activity). The total number of health examinations in Korean adults over 20 years of age was 10,490,491 
in 2009. If individuals had missing records (n = 510,925) or history of anosmia (n = 41,760) in the first health 
examination, they were excluded from the analysis to avoid confounding effect. Ultimately, the study popula-
tion consisted of 9,937,806 subjects. The date when the people underwent their first health examination was 
defined as an initial date to start following up whether they newly are diagnosed with anosmia. After that, we 
followed up newly diagnosed anosmia cases which recorded as R430 in KNHIS claims database during the study 
period (ICD-10-CM code: R430). All study population was reviewed from the initial date to the last follow-up 
date of study design (December 31, 2016) (Fig. 3). No need to acquire institutional review board approval was 
confirmed by the Institutional Review Board of Kyung Hee University Hospital at Gangdong because this study 
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didn’t use this identifiable individual information. All research was performed according to study guidelines and 
regulations.

Measurements. Age, sex, and other anthropometric features such as height and weight were basically 
checked and analyzed in the process of the Korean health examination. The anthropometric measurements 
were tested under light clothing status. BMI was measured by how weight (kg, kilogram) divided by the square 
of height ( m2 , meter). Blood pressure (BP) was measured under sitting position after short resting over five 
minutes. Alcohol consumption, smoking habit and income rate were evaluated using questionnaires. Serum 
glucose and cholesterol levels were measured using blood samples taken after overnight fasting. The national 
health examinations were permitted to some hospitals. The hospitals should undergo regular quality control to 
get certification from NHI service.

Definition of chronic diseases. Subjects who have chronic diseases such as hypertension and diabetes 
mellitus may take medications. The medications could affect anosmia development. Therefore, adjustments for 
comorbidities were needed in the analysis. We used the Korean NHI Service database to identify comorbidities 
of subjects. The presence of diabetes was defined as: (1) at least one claim per year for a prescription of antidia-
betic medication under ICD-10 codes E10–14, or (2) fasting glucose level ≥ 110 mg/dL40. The presence of hyper-
tension was defined as: (1) at least one claim per year for the prescription of an antihypertensive agent under 
ICD-10 codes I10–I15, or (2) systolic/diastolic BP ≥ 140/90  mmHg40. The presence of dyslipidemia was defined 
as: (1) at least one claim per year for the prescription of an antihyperlipidemic agent under ICD-10 code E78, or 
(2) total cholesterol ≥ 239 mg/dL40. We verified the test values in the health examination database.

Figure 3.  A flow chart of the study.
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Statistical analysis. All subjects were classified by height specific quintiles in each age and sex group (Sup-
plementary Table 1). The lowest 20% income population was excluded. Sex and age are well-known risk factors 
of  anosmia13,17. Thus, we described the incidence of anosmia according to age and sex. Because it is unclear 
which anthropometric features affect anosmia, we broadly accessed multiple confounding factors. We finally 
chose an adjusted model including confounding factors as many as possible. The selected model included body 
mass index (BMI) that was revealed as a confounding factor of anosmia incidence in a previous  study42. The 
incidence rate of anosmia might be associated with smoking habit, alcohol consumption, regular physical activ-
ity, and individual income level. We regarded hypertension, diabetes mellitus, and dyslipidemia as confound-
ers though these diseases weren’t definitely demonstrated as confounders of anosmia. These confounders were 
included in our adjusted analyses. When we analyzed the association between risk of anosmia and individual 
height, we applied Cox’s proportional hazards regression models. We presented each height group hazard ratio 
(HR) and 95% confidence interval (CI) relative to the lowest quintile. We also presented HR and 95% CI of each 
height deciles by Cox’s proportional hazards regression after adjusting those confounding factors. We applied 
the analyses in each group divided by sex and age (<40, 40-64 , and ≥ 65 years old). We used a log-log cumulative 
survival graph and time-dependent variable Cox model to check proportional hazard assumptions. SAS software 
(ver. 9.4; SAS Institute, Cary, NC, USA) and R project for Statistical Computing ver. 3.5.3 (http:// www.r- proje ct. 
org) were used for statistical analyses in this study.

The Institutional Review Board (IRB) of Kyung Hee University Hospital at Gangdong approved this study. The 
IRB waived informed consent requirement because this study didn’t have a plan to access identifiable information 
of subjects. All researchers conducted this study according to relevant guidelines and regulations.

Received: 3 March 2020; Accepted: 10 March 2021
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