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Background: Limited longitudinal evidence exists regarding the potential association between smoking status and hip fracture 
among individuals with type 2 diabetes. We investigated this association using large-scale, nationwide cohort data for the Korean 
population.
Methods: This nationwide cohort study included 1,414,635 adults aged 40 and older who received Korean National Health Insur-
ance Service health examinations between 2009 and 2012. Subjects with type 2 diabetes were categorized according to their smok-
ing status, amount smoked (pack-years), number of cigarettes smoked per day, and duration of smoking. The results are presented as 
hazard ratios (HRs) and 95% confidence intervals (CIs) for the associations between smoking status parameters and risk of hip frac-
ture in multivariable Cox proportional hazard regression analysis.
Results: Compared with never-smokers, an increased adjusted HR (aHR) for hip fracture was observed in current smokers (1.681; 
95% CI, 1.578 to 1.791), and a comparable aHR for hip fracture was found in former smokers (1.065; 95% CI, 0.999 to 1.136). For 
former smokers who had smoked 20 pack-years or more, the risk was slightly higher than that for never-smokers (aHR, 1.107; 95% 
CI, 1.024 to 1.196). The hip fracture risk of female former smokers was similar to that of female current smokers, but the hip fracture 
risk in male former smokers was similar to that of male never-smokers. 
Conclusion: Smoking is associated with an increased risk of hip fracture in patients with type 2 diabetes. Current smokers with dia-
betes should be encouraged to quit smoking because the risk of hip fracture is greatly reduced in former smokers.
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INTRODUCTION

Smoking increases the risk of fractures at all bone locations ac-
cording to numerous studies [1,2]. The causal connection be-
tween smoking and hip fractures is particularly pronounced in 
osteoporotic fractures [3-5]. Furthermore, the increasing inci-
dence of hip fractures worldwide is creating medical and finan-
cial burdens for society [6-9].

Smoking is linked to traits that can predict fracture risk with-
out relying on bone mineral density (BMD) measurements at 
several sites [4,5]. Smoking also increases hip fracture risk by 
exerting various negative effects on health [7]. According to a 
study by Ampelas [10], current smokers had a greater risk of hip 
fracture. Former smokers showed a slightly increased risk of hip 
fracture compared to never-smokers, and this risk was negative-
ly correlated with the length of time since quitting [10]. Since 
the harmful effects of smoking are dose-related, cessation may 
mitigate its toxicity [10-12].

Diabetes is associated with serious diseases such as heart 
problems, kidney failure, nerve damage, and eye damage, and 
some of these complications can lead to amputation of extremi-
ties [7]. These complications are more common in people with 
diabetes who have a history of smoking than in nonsmokers 
with diabetes [13]. Since that smoking increases the risk of hip 
fractures in the general population [1], it is plausible to expect 
that smoking would increase the risk of hip fractures in type 2 
diabetes patients [2]. However, although some studies have 
shown that both type 2 diabetes and smoking are independently 
related to the risk of hip fracture [13], it is unclear whether 
smoking is related to hip fracture in patients with type 2 diabe-

tes. Therefore, we investigated the association between smoking 
and hip fracture risk in this patient population. 

METHODS 

Data source 
We utilized the Korean National Health Insurance System (NHIS) 
database. It is advised that enrollees receive health exams at 
least every 2 years. We concentrated on patients with type 2 dia-
betes among individuals who had health examinations between 
January 2009 and December 2012 (n=2,746,078). The data for 
patients with type 2 diabetes were matched with claims data at 
the time of their health checks and verified by medical informa-
tion. The operational definitions used in this study are summa-
rized in Supplemental Table S1. The criteria for type 2 diabetes 
followed those used in the literature [14]: (1) at least one claim 
per year under International Classification of Diseases, 10th 
edition (ICD-10) codes E11–14 and at least one claim per year 
for the prescription of an antidiabetic medication (sulfonylureas, 
metformin, meglitinides, thiazolidinediones, dipeptidyl pepti-
dase-4 inhibitors, α-glucosidase inhibitors, or insulin) or (2) a 
fasting glucose level ≥126 mg/dL. Patients who were admitted 
to the hospital at least once or visited the outpatient clinic at 
least twice were also included as subjects with type 2 diabetes 
[14]. Because a definitive hip fracture necessitates hospitaliza-
tion and surgery, hip fracture was defined as hospitalization 
with ICD-10 code S72.0 or S72.1. After initial inclusion, we ex-
cluded those who did not receive a second health examination 
within 2 years of their first exam throughout that time period 
(n=915,219) and those under the age of 40 (n=94,655). Indi-

Fig. 1. Study design and disposition of subjects. NHIS, National Health Insurance System; FPG, fasting plasma glucose. 

Subjects with type 2 diabetes who underwent the NHIS medical
checkup in 2009-2012 (n=2,746,078)

   - FPG 126 mg/dL
   OR
   - (+) claim history for diabetes

Subjects who were enrolled in this study (n=1,414,635)

Subjects who were excluded (n=1,331,443)
   - �Subjects who did not undergo second health examination within 2 year from a health  

examination between January 2009 and December 2012 (n=915,219)
   - �Subjects aged <40 years (n=94,655)
   - Subjects with missing data (n=62,052)
   - �Subjects with a history of any fracture from 2002 to the date of their second NHIS  

medical examination (baseline point) in the period 2009 to 2012 (n=259,517)
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viduals with missing data (n=62,052) were also excluded. Sub-
jects with a history of any fracture from 2002 to the date of their 
second NHIS medical examination (baseline point) in the period 
2009 to 2012 (n=259,517) were excluded since NHIS data 
were available from 2002. As a result, the total study population 
included 1,414,635 subjects (Fig. 1). Informed consent was not 
required because all data submitted by the NHIS are anonymous.

At the time of the second NHIS medical examination, data on 
smoking status were collected, and the second NHIS medical 
examination was used as the baseline point for observation of 
hip fracture occurrence. The study subjects were followed from 
the baseline point (the date of their second NHIS medical exam-
ination) to the endpoint (hip fracture occurrence) or until De-
cember 31, 2018, whichever happened first. The mean length of 
follow-up was 6.6±1.9 years. This study protocol was reviewed 
and approved by the Institutional Review Board of Yeouido St. 
Mary’s Hospital (SC23ZISI0102).

Smoking status parameters
The NHIS database provides thorough information about indi-
viduals’ demographic traits and lifestyles, which was gathered 
using standardized self-report questionnaires. The self-report 
questionnaire data were used to categorize smoking status as 
follows: those who had smoked more than five packs (100 ciga-
rettes) in their lifetime and continued to smoke were classified 
as current smokers; those who had smoked more than five packs 
(100 cigarettes) in their lifetime but stopped smoking were clas-
sified as former smokers; and those who had never smoked 
more than five packs (100 cigarettes) were classified as never-
smokers [15-17]. In the self-report questionnaire, former/current 
smokers recorded their total smoking duration in years and the 
average daily number of cigarettes smoked. By multiplying the 
average cigarette consumption per day (packs) by the smoking 
duration (years), the cumulative lifetime smoking exposure was 
calculated as pack-years.

Covariates 
Heavy drinkers were classified as subjects who consumed more 
than 30 g of alcohol per day on average [18]. Income level was 
dichotomized into <25% or ≥25%. Regular exercise was de-
fined as intensive physical activity that caused breathing to be-
come faster than usual on at least 3 days a week for at least 20 
minutes, or moderate physical activity that caused breathing to 
become slightly faster than usual on at least 5 days a week for at 
least 30 minutes [19]. The health checks were performed by 
trained medical personnel and comprised anthropometric and 

laboratory measurements. The criteria of comorbidities for hy-
pertension and dyslipidemia followed those previously men-
tioned in the literature [14]. 

Statistical analysis
All statistical analyses were performed using SAS version 9.4 
(SAS Institute, Cary, NC, USA). For continuous variables, 
baseline parameters regarding smoking status are shown as the 
means and standard deviations, whereas percentages are used 
for categorical variables. Analysis of variance was used to com-
pare categorical and continuous data. By dividing the total num-
ber of hip fractures by 1,000 person-years, the incidence rate of 
hip fracture was computed. The results are presented as hazard 
ratios (HRs) and 95% confidence intervals (CIs) for the associa-
tions between smoking status parameters and risk of hip fracture 
in multivariable Cox proportional hazard regression analysis. 
For the multivariate analyses, model 1 was not adjusted for any 
variables; model 2 was adjusted for age, sex, income level, hy-
pertension, dyslipidemia, alcohol consumption status, and exer-
cise level; and model 3 was adjusted for age, sex, income level, 
hypertension, dyslipidemia, alcohol consumption status, exer-
cise level, fasting glucose level, insulin use, use of ≥3 oral hy-
poglycemic agents, and duration of diabetes. The tertile catego-
rization of continuous variables was used to visually assess 
stratified –log(–log) survival curves, and the Harrell and Lee 
test on Schoenfeld residuals in univariate models was used to 
verify the proportional hazard assumption [20]. For each cate-
gory, the HRs and 95% CIs for fractures were estimated using a 
Cox proportional hazards model. In addition, the subjects were 
divided into groups based on sex and age, and then subgroup 
analyses were carried out. There were five age categories: 40–
49, 50–59, 60–69, 70–79, and 80 years and over.

RESULTS	

Baseline characteristics 
The baseline data of the subjects are shown in Table 1. Current 
smokers had a higher estimated glomerular filtration rate and 
serum triglyceride levels (P<0.001). Former smokers had the 
highest mean waist circumference (P<0.001). Never-smokers 
showed the highest prevalence of hypertension and dyslipid-
emia (P<0.001) and lower liver enzyme and serum triglyceride 
levels (P<0.001). No significant trends were seen in body mass 
index, height, weight, blood pressure, fasting plasma glucose, 
total cholesterol, high-density lipoprotein cholesterol, or low-
density lipoprotein cholesterol. 
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Among the 1,414,635 subjects analyzed, 787,573 (55.7%) 
were never-smokers, 310,430 (21.9%) were former smokers, 
and 316,632 (22.4%) were current smokers. More than 90% of 
the former smokers and current smokers were men. In contrast, 

the percentage of male never-smokers was approximately 34%. 
Due to these gender differences between never-smokers, former 
smokers, and current smokers in baseline characteristics, the 
baseline characteristics described separately for men and wom-

Table 1. Baseline Characteristics of the Study Population

Characteristic Never-smokers
(n=787,573)

Former smokers 
(n=310,430)

Current smokers 
(n=316,632) P value

Hip fracture  9,050 (1.15)  1,653 (0.53)  1,630 (0.51)  <0.0001 
Age, yr  61.64±10.17  59.47±9.96  55.01±9.47  <0.0001 
Male sex  267,704 (33.99)  303,722 (97.84)  301,716 (95.29)  <0.0001 
BMI, kg/m2 24.96±3.34 25.01±2.94 24.63±3.18  <0.0001 
Height, cm 158.52±8.38 167.78±6.16 168.01±6.61  <0.0001 
Weight, kg 63.48±10.64 70.92±10.06 70.36±11.05  <0.0001 
Waist circumference, cm 83.89±8.69 87.07±7.67 85.96±8.03  <0.0001 
Income (Q1) 168,232 (21.36) 52,102 (16.78) 63,988 (20.21)  <0.0001 
Hypertension 485,610 (61.66) 188,591 (60.75) 163,159 (51.53)  <0.0001 
Dyslipidemia  391,767 (49.74)  136,892 (44.1)  129,861 (41.01)  <0.0001 
Heavy drinkera  22,874 (2.9)  40,228 (12.96)  56,991 (18)  <0.0001 
Regular exerciseb  174,356 (22.14)  96,741 (31.16)  66,241 (20.92)  <0.0001 
Insulin use  38,996 (4.95)  14,113 (4.55)  11,978 (3.78)  <0.0001 
Duration of diabetes, yr  4.68±3.96  4.25±3.95  3.62±3.85  <0.0001 
Use of three or more oral hypoglycemic agents  82,489 (10.47)  30,014 (9.67)  32,109 (10.14)  <0.0001 
   Sulfonylurea  309,656 (39.32)  109,119 (35.15)  105,676 (33.38)  <0.0001 
   Metformin  438,170 (55.64)  159,534 (51.39)  149,137 (47.1)  <0.0001 
   Meglitinides  6,216 (0.79)  2,493 (0.8)  1,701 (0.54)  <0.0001 
   Thiazolidinedione  31,331 (3.98)  12,541 (4.04)  11,527 (3.64)  <0.0001 
   Dipeptidyl peptidase-4 inhibitor  128,815 (16.36)  50,682 (16.33)  48,566 (15.34)  <0.0001 
   Alpha-glucosidase inhibitor  57,068 (7.25)  19,365 (6.24)  18,087 (5.71)  <0.0001 
SBP, mm Hg  128.26±15.46  128.41±14.52  126.71±14.76  <0.0001 
DBP, mm Hg  77.62±9.84  78.68±9.77  78.62±9.97  <0.0001 
Fasting plasma glucose, mg/dL  132.1±42.81  133.28±41.87  138.25±50.2  <0.0001 
eGFR, mL/min/1.73 m2 84.97±35.07 85.94±46.46 90.66±44.98 <0.0001
Total cholesterol, mg/dL  188.83±40.61  184.01±39.5  189.94±40.5  <0.0001 
HDL-C, mg/dL  51.76±14.93  49.79±14.56  49.2±15.32  <0.0001 
LDL-C, mg/dL  108.1±36.82  103.44±35.73  105.61±38.16  <0.0001 
AST 24.64 (24.62–24.66) 26.48 (26.44–26.52) 25.99 (25.95–26.03) <0.0001
ALT 23.3 (23.27–23.33) 26.67 (26.62–26.72) 26.4 (26.35–26.46) <0.0001
rGTP, mg/dL  27.12 (27.08–27.16)  39.26 (39.16–39.36)  48.18 (48.05–48.32)  <0.0001 
Triglyceride, mg/dL  127.06 (126.92–127.21)  134.8 (134.53–135.06)  155.9 (155.59–156.2)  <0.0001 

Values are expressed as number (%), mean±standard deviation, or geometric mean (95% confidence interval).
BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; eGFR, estimated glomerular filtration rate; HDL-C, high-density li-
poprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; AST, aspartate transaminase; ALT, alanine transaminase; rGTP, gamma-glutamyl-
transpeptidase.
aDefined as a person who drinks more than 30 g of alcohol a day on average; bDefined as high-intensity exercise on more than 3 days a week for at least 
20 minutes at a time or moderate-intensity exercise on more than 5 days a week for at least 30 minutes at a time. 
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Table 2. Incidence and Risk of Hip Fracture according to Smoking Status, Pack-Years, Number of Cigarettes Smoked per Day, and Du-
ration of Smoking

Variable Total no.
Hip 

fracture 
cases

Duration, 
person-yr

IR, /1,000 
person-yr

 HR (95% CI)

Model 1 Model 2 Model 3

Smoking status

   Never-smoker 787,573 9,050 4,761,587 1.90063 1 (ref) 1 (ref) 1 (ref)

   Former smoker 310,430 1,653 1,853,492 0.89183 0.472 (0.448–0.498) 1.073 (1.006–1.144) 1.065 (0.999–1.136)

   Current smoker 316,632 1,630 1,868,464 0.87237 0.465 (0.441–0.49) 1.673 (1.57–1.783) 1.681 (1.578–1.791)

Amount smoked, pack-yr

   Never-smoker 787,573 9,050 4,761,586.8 1.90063 1 (ref) 1 (ref) 1 (ref)

   Former smoker

      <10 78,703 372 469,809.76 0.79181 0.42 (0.379–0.466) 1.051 (0.942–1.172) 1.051 (0.943–1.172)

      10–19 82,175 335 492,123.54 0.68072 0.361 (0.323–0.402) 0.973 (0.867–1.093) 0.974 (0.868–1.094)

      ≥20 149,552 946 891,558.79 1.06106 0.561 (0.525–0.6) 1.123 (1.039–1.213) 1.107 (1.024–1.196)

   Current smoker

      <10 48,123 267 282,765.84 0.94424 0.505 (0.447–0.57) 1.728 (1.526–1.956) 1.748 (1.544–1.979)

      10–19 78,890 337 464,465.64 0.72556 0.388 (0.348–0.432) 1.618 (1.444–1.812) 1.642 (1.466–1.84)

      ≥20 189,619 1,026 1,121,232.18 0.91506 0.487 (0.456–0.519) 1.678 (1.556–1.81) 1.676 (1.554–1.808)

No. of cigarettes smoked 
per day

   Never-smoker 787,573 9,050 4,761,586.8 1.90063 1 (ref) 1 (ref) 1 (ref)

   Former smoker

      <10 32,909 211 195,858.18 1.07731 0.571 (0.498–0.655) 1.04 (0.904–1.196) 1.044 (0.907–1.201)

      10–19 99,950 495 597,293.47 0.82874 0.439 (0.401–0.481) 1.045 (0.947–1.152) 1.048 (0.95–1.156)

      ≥20 177,571 947 1,060,340.44 0.89311 0.473 (0.442–0.505) 1.095 (1.014–1.183) 1.078 (0.998–1.165)

   Current smoker

      <10 32,391 329 188,664.05 1.74384 0.93 (0.833–1.038) 1.75 (1.563–1.96) 1.765 (1.576–1.977)

      10–19 113,912 585 668,858.3 0.87462 0.467 (0.43–0.508) 1.624 (1.483–1.778) 1.644 (1.502–1.8)

      ≥20 170,329 716 1,010,941.32 0.70825 0.377 (0.349–0.406) 1.679 (1.54–1.831) 1.671 (1.533–1.822)

Duration of smoking, yr

   Never-smoker 787,573 9,050 4,761,586.8 1.90063 1 (ref) 1 (ref) 1 (ref)

   Former smoker

      <10 32,909 142 190,906.33 0.74382 0.395 (0.334–0.466) 1.03 (0.869–1.219) 1.028 (0.868–1.217)

      10–19 99,950 283 489,672.32 0.57794 0.307 (0.273–0.345) 0.997 (0.88–1.128) 0.991 (0.875–1.122)

      20–29 177,571 427 615,868.54 0.69333 0.367 (0.333–0.404) 1.043 (0.94–1.158) 1.035 (0.932–1.148)

      ≥30 177,571 801 557,044.9 1.43795 0.76 (0.707–0.817) 1.129 (1.041–1.226) 1.12 (1.032–1.216)

   Current smoker

      <10 32,391 76 81,920.38 0.92773 0.495 (0.395–0.621) 2.086 (1.661–2.619) 2.106 (1.677–2.644)

      10–19 113,912 106 213,209.15 0.49716 0.266 (0.22–0.322) 1.572 (1.295–1.908) 1.589 (1.309–1.929)

      20–29 113,912 207 636,265.99 0.32534 0.174 (0.151–0.199) 1.489 (1.29–1.719) 1.529 (1.325–1.764)

      ≥30 170,329 1,241 937,068.14 1.32434 0.704 (0.663–0.747) 1.694 (1.58–1.817) 1.694 (1.58–1.817)

Model 1: unadjusted; Model 2: adjusted for age, sex, income level, hypertension, dyslipidemia, alcohol consumption status, and exercise level; Model 3, 
adjusted for model 2 plus fasting glucose level, insulin use, use of three or more oral hypoglycemic agents, and duration of diabetes.
IR, incidence rate; HR, hazard ratio; CI, confidence interval.
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en are shown in Supplemental Table S2. 

Risk of hip fracture according to smoking status, amount 
smoked (pack-years), number of cigarettes smoked per 
day, and duration of smoking 
This study examined the risk of hip fracture based on smoking 
status, pack-years, number of cigarettes smoked per day, and 
duration of smoking in 1,414,635 participants followed for an 
average of 6.6 years. During this period, 12,333 (0.87%) sub-
jects experienced hip fractures: 9,050 never-smokers, 1,653 for-
mer smokers, and 1,630 current smokers. 

Current smokers had a significantly higher risk of hip frac-
tures than never-smokers, while former smokers did not show a 
significant difference in risk. The amount smoked, number of 
cigarettes per day, and duration of smoking did not show a pro-
portional relationship with hip fracture risk for either current or 
former smokers (Table 2).

According to smoking status, the adjusted hazard ratio (aHR) 
for hip fracture was significantly higher in current smokers 
(aHR, 1.681; 95% CI, 1.578 to 1.791) than in never-smokers. 
Former smokers did not show a significant difference in hip 
fracture risk compared to never-smokers (aHR, 1.065; 95% CI, 
0.999 to 1.136).

Regarding the amount smoked, current smokers had an in-
creased hip fracture risk regardless of the number of pack-years: 
74.8% for <10 pack-years, 64.2% for 10 to 19 pack-years, and 

67.6% for 20 or more pack-years compared to never-smokers. 
Former smokers also showed a slight increase in risk with 20 or 
more pack-years (aHR, 1.107; 95% CI, 1.024 to 1.196) (Fig. 2). 

The number of cigarettes smoked per day did not show a pro-
portional increase in hip fracture risk for either current or former 
smokers. Similarly, the duration of smoking did not have a pro-
portional impact on hip fracture risk for current or former smok-
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Fig. 2. Risk of hip fracture occurrence according to the cumulative 
amount of cigarettes smoked. Hazard ratios (HRs) were adjusted 
for age, sex, fasting glucose level, insulin use, use of three or more 
oral hypoglycemic agents, and duration of diabetes. Solid lines in-
dicate adjusted HRs and dashed lines indicate 95% confidence in-
tervals.

Fig. 3. Subgroup analysis regarding the risk of hip fracture in terms of age and sex. Hazard ratios (HRs) were adjusted for age, sex, fasting 
glucose level, insulin use, use of three or more oral hypoglycemic agents, and duration of diabetes.
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ers. However, current smokers had a higher risk than never-
smokers, especially those who smoked for less than 10 years 
(aHR, 2.106; 95% CI, 1.677 to 2.644) and those who smoked 
for 30 or more years (aHR, 1.694; 95% CI, 1.58 to 1.817). Only 
former smokers who smoked for 30 or more years showed a 
slightly higher risk (aHR, 1.12; 95% CI, 1.032 to 1.216).

Subgroup analyses according to age and sex 
Fig. 3 shows subgroup analyses according to age and sex. In the 
subgroup analysis by sex, the hip fracture risk of female former 
smokers was similar to that of female current smokers, but the 
hip fracture risk in male former smokers was similar to that of 
male never-smokers. In the subgroup analysis by age, the risk of 
a hip fracture was highest among both current smokers and for-
mer smokers in their 40s and showed a tendency to decrease 
gradually with increasing age. Notably, former smokers aged 
above 70 years and current smokers aged above 80 years 
showed hip fracture risks that did not significantly differ from 
those of individuals who had never smoked. 

The statistical analyses further supported these findings. The 
P value for interaction by sex was determined to be 0.0012, in-
dicating a significant difference in the effect of smoking on hip 
fracture risk between males and females. Additionally, the P 
value for interaction by age group was found to be <0.0001, in-
dicating a highly significant variation in the impact of smoking 
on hip fracture risk across different age groups.

Analysis according to smoking maintenance or cessation 
at the time of the second health exam, based on the current 
smoker standard in the first health examination
Table 3 shows the analysis of smoking maintenance or cessation 
at the time of the second health examination based on the cur-
rent smoker standard in the first health examination. Contrary to 
our expectations, among the smokers at the first health exami-
nation, there was no significant difference in the values of ad-

justed model 3 between those who quit smoking and those who 
continued smoking.

DISCUSSION

In this large population-based cohort study involving adults 
aged 40 and above with type 2 diabetes, we examined the link 
between smoking and an increased risk of hip fractures. Our re-
sults revealed a clear connection between current smoking and 
an increased risk of hip fractures, highlighting the need for in-
terventions to help individuals with diabetes quit smoking. For 
former smokers with a smoking history exceeding 20 pack-
years, the risk of hip fracture was slightly higher than that for 
never-smokers (aHR, 1.107; 95% CI, 1.024 to 1.196), indicating 
a persistent impact of smoking on bone health. 

Diabetes is an endocrine disorder that affects all body systems 
and produces various complications [21]. The fact that type 1 
diabetes patients have lower BMD and an increased risk of hip 
fracture is well known [22,23]. A few studies have also reported 
that type 2 diabetes increases the risk of hip fracture, but its as-
sociation seems weaker than that of type 1 diabetes [24]. Sever-
al [25-28], but not all [29,30], previous studies have found that 
patients with type 2 diabetes are at a higher risk of hip fractures 
than individuals without diabetes, despite having higher BMD. 
Even prediabetes may be associated with an increased risk of 
hip fracture [8]. 

Smoking increases the incidence of bone fracture at all skele-
tal locations, according to earlier studies [1,3,4,7,12,15,17,18, 
31-34]. Inter alia, cigarette smoking is particularly associated 
with osteoporotic hip fracture [35]. A significant cohort study 
that tracked 116,229 female nurses for 12 years found that the 
relative risk of hip fracture was 1.6 times higher in women who 
smoked 25 or more cigarettes per day than in never-smokers 
[36]. After adjusting for age, BMD, and BMI, a meta-analysis 
of 10 large cohort studies also showed that smoking was the 

Table 3. Incidence and Risk of Hip Fracture according to Changes in Smoking Status at the Second Health Examination among Current 
Smokers at the First Health Examination

Current smoker’s 
smoking status 
within 2 years

Total no. 
Hip 

fracture 
cases 

Duration, 
person-yr

IR, /1,000 
person-yr

HR (95% CI)

Model 1 Model 2 Model 3

Quit smoking 66,409 464 393,978.6 1.17773 1 (ref) 1 (ref) 1 (ref)

Continued smoking 270,061 1,354 1,589,819.32 0.85167 0.729 (0.656–0.81) 1.024 (0.919–1.14) 1.033 (0.928–1.151)

Model 1: unadjusted; Model 2: adjusted for age, sex, income level, hypertension, dyslipidemia, alcohol consumption status, and exercise level; Model 3; 
adjusted for model 2 plus fasting glucose level, insulin use, use of three or more oral hypoglycemic agents, and duration of diabetes.
IR, incidence rate; HR, hazard ratio; CI, confidence interval.
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only factor that affected fracture risk [1,37]. 
In this study, current smoking was associated with an increased 

incidence of hip fractures in a population of type 2 diabetes pa-
tients. We found no dose-response relationship between the risk 
of hip fracture and the duration or amount of smoking in either 
former or current smokers, which was contrary to both expecta-
tions and a previous population study of women with diabetes, 
which reported a very high risk of fractures in heavy smokers 
[38]. One possibility is that the survey used to record smoking 
amounts and duration might not have perfectly reflected the ac-
tual time someone smoked. People might not remember accu-
rately or might change their smoking habits over time. Addi-
tionally, smoking’s effects on bones could be influenced by  
various factors beyond just how much or how long someone 
smokes. Genetics, lifestyle, and other health factors might all 
come into play [37]. In addition, because smoking is generally  
a socially and medically stigmatized behavior, smokers tend to 
underreport their smoking status [39]. Therefore, self-report 
questionnaires may have limitations in determining smoking 
status. Additionally, since the follow-up period was relatively 
short, at 6.6 years, smoking cessation may be too short to affect 
the outcomes for former smokers.

In the subgroup analysis, we found a significant association 
with age and sex in the relationship between smoking status and 
hip fracture risk. The trends in age and sex suggest that in wom-
en, a younger age was associated with a greater impact of smok-
ing on hip fracture risk. The subgroup analysis by sex showed 
that the effect of smoking status on hip fracture risk was signifi-
cantly stronger in women than in men (Fig. 3). The hip fracture 
risk of female former smokers was similar to that of female  
current smokers, whereas the hip fracture risk of male former 
smokers was similar to that of male never-smokers. This result 
is consistent with previous studies finding that women were 
more sensitive than men to the increased fracture risk caused by 
smoking [5,31]. According to previous studies, 19% to 37% of 
hip fractures in women are estimated to be caused by tobacco 
smoking [5,31]. In the present subgroup analysis by age, the 
risk of hip fracture was highest in current and former smokers in 
their 40s, and the risk showed a tendency to decrease gradually 
with increasing age. Former smokers older than 70 years and 
current smokers older than 80 years showed a risk of hip frac-
ture that did not show a statistically significant difference from 
that of never-smokers (Fig. 3). One possible explanation for 
why the hip fracture risk was not significantly higher in older 
current smokers compared to never-smokers is that the effect of 
smoking on bone density may be attenuated by other factors 

that are more prevalent or influential in old age, such as osteo-
porosis, frailty, comorbidity, medication use, or nutritional sta-
tus [37]. Another possible explanation is that the survey used to 
record smoking amounts and duration might not perfectly re-
flect the actual time someone has smoked [39]. People might 
not remember accurately or might change their smoking habits 
over time. This underreporting may vary by age. One study 
compared self-reported smoking status with cotinine testing in 
firefighters and reported that self-reported accuracy decreased 
with advancing age [39]. This may be due to older smokers’ 
negative attitudes toward smoking or because of health prob-
lems that have led them to try to hide their smoking status. 

Table 3 shows the unexpected finding that quitting smoking 
within 2 years of the first health examination did not signifi-
cantly reduce hip fracture risk. Among first-time smokers, the 
difference in hip fracture risk between those who quit later and 
those who continued smoking was minimal. Long-term absti-
nence from smoking generally lowers the risk of hip fracture, 
but our study suggests that short-term abstinence from smoking 
may not bring the same benefits. In one previous study, short-
term abstinence (less than 4 years) did not show a statistically 
significant reduction in the risk of fracture requiring hospitaliza-
tion, unlike long-term abstinence (>4 years) [40]. This is a sim-
ilar conclusion to that of our study (Table 3), in which the risk 
of hip fracture did not significantly decrease even among smok-
ers within 2 years. Another study found that approximately 60% 
of quitters resumed smoking within 6 to 12 months [41]. It is 
possible that some of the short-term quitters in our study re-
sumed smoking during the follow-up period, diluting the posi-
tive effects of 2 years of abstinence on hip fracture risk.

The lower risk of hip fracture found in former smokers im-
plies that quitting smoking can reduce the risk of hip fracture 
[5,7,34]. Current education for patients with type 2 diabetes 
who already have or may develop diabetic complications main-
ly focuses on lifestyle modifications, including weight reduction 
and exercise. When providing type 2 diabetes patients with ad-
vice on preventing diabetic complications, smoking cessation 
should also be addressed. The Task Force on Community Pre-
ventive Services recommends several evidence-based tobacco 
therapies, one of which is consistent quitting messages from 
healthcare professionals to people who use tobacco [35,42]. Our 
findings highlight the significance of physician education for 
patients with type 2 diabetes who smoke, in addition to osteopo-
rosis screening and osteoporotic hip fracture prevention. Espe-
cially for smokers with type 2 diabetes who are female or 
young, the risk of hip fracture from smoking persists even after 
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they quit smoking. Thus, particular attention should be paid to 
prevent hip fractures in those patients.

We believe this is the first study to investigate the association 
between smoking status and hip fracture risk in subjects with 
our cohort data. Abundant relevant data allowed us to conduct 
various subgroup analyses. The analyses were performed after 
adjusting for a substantial number of confounding variables: 
age, sex, income level, hypertension, dyslipidemia, alcohol con-
sumption status, exercise level, fasting glucose level, insulin 
use, use of three or more oral hypoglycemic agents, and dura-
tion of diabetes. As Korean society predominantly contains peo-
ple from a single ethnicity, this nationwide study investigated a 
homogeneous group. 

Our study has limitations despite those advantages. First, re-
verse causation, which is an inherent issue in all retrospective 
cohort designs, may have influenced the findings. To compen-
sate for this possibility, any fracture from 2002 to the date of 
participants’ second NHIS medical examination (baseline point) 
in the period from 2009 to 2012 was excluded from the analy-
sis. Second, this study may have been affected by misclassifica-
tion bias. To exclude individuals with insulin-dependent type 1 
diabetes, the ICD-10 code E10, representing type 1 diabetes, 
was not included in the study. Third, due to the lack of glycated 
hemoglobin levels in the Korean NHIS database, the exact se-
verity of type 2 diabetes could not be assessed. Fourth, addi-
tional research in other ethnic groups is needed to confirm our 
findings because the subjects we enrolled were solely Korean. 
Fifth, because we only used the NHIS claims database, not 
medical or radiologic records, to search for hip fractures, we 
might have included traumatic hip fractures in our analysis. 
Sixth, the proportion of male never-smokers (33.99%) was sig-
nificantly different from that of former smokers (97.84%) and 
current smokers (95.29%). Due to the impact of the sex ratio, 
we adjusted the HRs in model 2 and model 3. This is the reason 
for the large difference between the unadjusted model 1 and the 
values of models 2 and 3. 

In conclusion, we conclude that smoking is associated with 
an increased hip fracture risk in patients with type 2 diabetes. As 
in the general population, it is important for current smokers 
with diabetes to quit smoking because the risk of hip fracture 
can be greatly reduced in former smokers regardless of dose. 
However, the effect of smoking cessation on hip fracture risk 
was not uniform across different subgroups of patients with dia-
betes. We found that female and young patients with diabetes 
had a higher residual risk of hip fracture even after quitting 
smoking than male and older patients. This suggests that smok-

ing may have a long-lasting impact on bone health in some pa-
tients with diabetes and that additional preventive measures 
may be needed for them. Our findings highlight the importance 
of individualized smoking cessation counseling and hip fracture 
prevention strategies for patients with diabetes, especially for 
those who are female or young.
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