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Duration and Life-Stage of Antibiotic Use and 
Risks of All-Cause and Cause-Specific Mortality
Prospective Cohort Study

Yoriko Heianza, Wenjie Ma, Xiang Li, Yin Cao, Andrew T. Chan, Eric B. Rimm, Frank B. Hu, Kathryn M. Rexrode,  
JoAnn E. Manson, Lu Qi

RATIONALE: The overuse of antibiotics has been an important clinical issue, and antibiotic exposure is linked to alterations in 
gut microbiota, which has been related to risks of various chronic diseases such as cardiovascular disease and cancer. Also, 
duration of antibiotic exposure may be a risk factor of premature death.

OBJECTIVE: We investigated associations of life-stage and duration of antibiotic use during adulthood with risks of all-cause 
and cause-specific mortality.

METHODS AND RESULTS: This prospective cohort study included 37 516 women aged ≥60 years who were free of cardiovascular 
disease or cancer from the Nurses’ Health Study. Participants reported a total amount of time they used antibiotics (none, 
<15 days, 15 days to <2 months, or ≥2 months) in the middle- (age, 40–59) and late adulthood (age, 60 or older). We 
estimated hazard ratios for all-cause mortality and deaths from cardiovascular disease or cancer over 10 years according 
to duration of antibiotic use. During 355 918 person-years of follow-up, we documented 4536 deaths from any cause 
(including 728 cardiovascular deaths and 1206 cancer deaths). As compared with women who did not use antibiotics, 
those who used them for ≥2 months in late adulthood had increased risks of all-cause mortality (hazard ratio, 1.16 [95% 
CI, 1.01–1.33]) and cardiovascular mortality (hazard ratio, 1.49 [95% CI, 1.04–2.13]), but not cancer mortality (hazard ratio, 
0.85 [95% CI, 0.65–1.12]) after adjustment for chronic metabolic diseases, antibiotic use during middle adulthood, indication 
for use, demographic factors, and lifestyle/dietary factors. The association was more evident among women who also used 
antibiotics in middle-adulthood than among those who did not use during this life-stage.

CONCLUSIONS: Long-term use of antibiotics in late adulthood may be a risk factor for all-cause and cardiovascular mortality. 
The unfavorable effect of antibiotic exposure for subsequent risks of deaths due to chronic diseases needs to be considered.

VISUAL OVERVIEW: An online visual overview is available for this article.
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A recent study suggests that a substantial proportion 
of antibiotics are not prescribed appropriately in an 
outpatient clinical setting in the United States,1 and 

patients who are hospitalized may also receive excess 
antibiotic therapy.2 Thus, the potential effect of antibi-
otics for subsequent risks of chronic diseases3–5 and 
mortality6–18 is considered as an important clinical issue. 

Antibiotic exposure affects balance and composition of 
the gut microbiome19–22 even after cessation of the use.23 
Gut microbiota alterations have been related to a variety 
of life-threatening disorders such as cardiovascular dis-
eases and certain types of cancer.24–29

In previous studies that examined associations 
between antibiotic use and risk of death from any cause 
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or cardiovascular death,6,10,30–32 some types of antibiot-
ics were found to be related to subsequent risk of death 
from cardiovascular causes10,11,32 although the findings 
are not entirely consistent across studies.15,18,30,31 Of note, 
many of the previous studies were conducted among 
patients with specific diseases, or with a limited follow-
up period.8,30,31 Additionally, previous studies did not con-
trol for detailed information on several known risk factors 
for cardiovascular disease (CVD) and death that would 
influence the association of antibiotic use with mortal-
ity. We recently investigated associations of life-stage 
and duration of antibiotic exposure during adulthood 
with subsequent cardiovascular events and found that 
longer duration of exposure to antibiotics in the middle 
and older adulthood was related to an increased risk of 
the development of CVD among women at usual risk.33 

Duration of antibiotic exposure may also affect the risk 
of premature death; however, associations of duration of 
antibiotic use in different phases of adulthood with risks 
of all-cause and cause-specific mortality over years have 
not been clarified in a population at usual risk.

In the present study, we investigated whether duration 
of antibiotic use was associated with higher risks of all-
cause and cause-specific mortality independent of tradi-
tional risk factors among participants in the NHS (Nurses’ 
Health Study), which has collected detailed information 
on lifestyle factors, diet, and duration of antibiotic use.

METHODS
The data, analytical methods, and study materials will be 
available to other researchers from the corresponding author 
on reasonable request for purposes of reproducing the results 
or replicating the procedure.

Study Participants
The NHS is a prospective cohort study established in 
1976 of 121 701 female registered nurses aged 30 to 
55 years in the United States. Information on demo-
graphics, lifestyle factors, medical history, and disease 

Nonstandard Abbreviations and Acronyms

CVD cardiovascular disease
HR hazard ratio
NHS Nurses’ Health Study

Novelty and Significance

What Is Known?
• It has been known that a substantial proportion of 

antibiotics have not been appropriately prescribed in 
clinical settings, and the overuse of antibiotics is an 
important clinical issue.

• Antibiotic use is linked to gut microbiota alterations 
even after cessation of the use, and alterations in gut 
microbiota are associated with various life-threatening 
diseases, such as cardiovascular disease and cancer.

• Duration of antibiotic use may differentially affect the risk 
of premature death; however, associations of duration of 
antibiotic use in different phases of adulthood with risks 
of all-cause and cause-specific mortality over years have 
not been clarified in a population at usual risk.

What New Information Does This Article  
Contribute?
• Long-term antibiotic use (for 2 months or more) in late 

adulthood was associated with increased risks of all-
cause mortality and cardiovascular mortality, indepen-
dently of traditional risk factors among women.

• The increased risk of mortality associated with long-
term antibiotic use in late adulthood was more evident 
among women who also used antibiotics in middle 
adulthood than among those who did not use during 
this life stage, suggesting the importance of the cumu-
lative antibiotic use in middle and late adulthood for 
mortality.

• The cumulative antibiotic use in different life stages of 
adulthood may be related to a higher risk of all-cause 
mortality.

Antibiotic exposure affects the abundance and com-
position of the gut microbiome, and gut microbiota 
alterations have been associated with various life-
threatening diseases. The potential effect of antibi-
otics on risks of chronic diseases and mortality is an 
important clinical issue to be examined. This prospec-
tive cohort study investigated associations of life-
stage and duration of antibiotic use during adulthood 
with risks of all-cause and cause-specific mortality. 
Our results show that long-term use of antibiotics 
for 2 months or more in late adulthood was associ-
ated with an increased risk of all-cause mortality and 
deaths due to cardiovascular diseases. The associa-
tions were independent of traditional risk factors, such 
as demographic and lifestyle factors, dietary habits, 
obesity, metabolic disorders, and other medication use. 
Further, the adverse relationship between long-term 
use of antibiotics in late adulthood and mortality was 
more evident among women who also used antibiot-
ics in middle-adulthood than among those who did not 
use during this life stage, suggesting the cumulative 
antibiotic use in different stages of adulthood may be 
related to a higher risk of mortality.
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status was collected through a self-administered ques-
tionnaire in 1976 and has been updated every 2 years 
through follow-up questionnaires. Dietary intake was 
assessed using validated food frequency question-
naires every 4 years.34 The follow-up rate was high, 
with ≈90% participation in each 2-year follow-up cycle. 
Details of the study have been described elsewhere.35,36

The present analysis included women returned the 2004 
questionnaire (n=90 853) when the information on antibiotic 
exposure was first collected4,33 (Online Figure I); a total of 
60 296 had available data on antibiotic use during the mid-
dle (age, 40–59) and late (after age 60) adulthood. We did 
not include women (n=1926) who only returned the baseline 
(2004) questionnaire, leaving 58 370 participants. We excluded 
women who had a history of CVD (myocardial infarction, angina 
pectoris, stroke, or coronary artery bypass grafting) or cancer 
at baseline (n=18 039). We considered that antibiotics might 
be prescribed for people with these diseases, and exclusions 
of prevalent cardiovascular and cancer cases at baseline also 
affected the number of death events during the follow-up time, 
which might be a potential selection bias. Thus, we carried out 
sensitivity analyses without excluding people with CVD or can-
cer at baseline, and we observed that such exclusions did not 
appreciably change results on the primary outcome (data avail-
able upon request). After additional exclusion of women with 
missing data on some covariates (age, height, body weight, or 
physical activity), a total of 37 936 women remained for the 
analyses. As women <60 y in 2004 (n=420) did not have the 
ability to provide information on antibiotics during late adult-
hood, the present study only included women aged 60 or older 
at baseline. Subsequently, the final analytical cohort comprised 
37 516 women with a follow-up from 2004 to 2014 (Online 
Figure I). The study was approved by the institutional review 
board at the Brigham and Women’s Hospital.

Assessment of Antibiotic Use and Covariates
In the baseline 2004 questionnaire, women were asked to indi-
cate the total time using antibiotics with 8 categories ranging 
from none to 5+ years (none, <15 days, 15 days to 2 months, 
2–4 months, 4 months to 2 years, 2–3 years, 3–5 years, and 
5+ years) excluding skin creams, mouthwash, or isoniazid for 
the time periods during between age 40 and 59, and age 60 
to the baseline. Participants added up the total amount of time 
they used antibiotics for each period. The sum of all days of 
exposure to antibiotics was reported as total days, regardless of 
consecutive or not consecutive days. The assessment of antibi-
otic use has also been described elsewhere.4,33 The participants 
reported the most common reason that they used antibiotics 
among the following 6 indications (respiratory infection, uri-
nary tract infection, acne/rosacea, chronic bronchitis, dental, or 
other). Information on the specific type of antibiotics or daily 
dosage was not available.

Data on height, body weight, medical history, smoking habit, 
physical activity habit, physician-diagnosed diseases, medica-
tion use, and other characteristics were collected at baseline 
and on biennial validated questionnaires. Self-reported body 
weight was highly correlated with technician-measured weight 
(r=0.97) in a subsample.37 Body mass index was calculated as 
body weight in kilograms divided by height squared in meters. 
Alcohol consumption and dietary intake were assessed using 

validated food frequency questionnaires.34 The Alternate 
Healthy Eating Index score was calculated based on intakes 
of foods and nutrients predictive of chronic disease risk, includ-
ing vegetables, fruits, nuts and legumes, whole grains, red or 
processed meat, sugar-sweetened beverages, alcohol, sodium, 
trans fat, long-chain ω-3 fatty acids, and other polyunsaturated 
fats.38 The healthy lifestyle score was calculated using data on 
diet (top 2 quintiles of Alternate Healthy Eating Index scores, 
yes)+smoking status (no smoking habit, yes)+physical activity 
habit (moderate or high physical activity which was equivalent 
150 minutes/week, yes)+body mass index (<25 kg/m2, yes) 
with ranges 0 to 4 points.39

Ascertainment of Death
Our primary outcome was all-cause mortality, and second-
ary outcomes were deaths from cardiovascular diseases 
(International Classification of Diseases, Eighth Revision), codes 
390 to 458) or cancer (International Classification of Diseases, 
Eighth Revision, 140–209). We also assessed other death, 
which was due to other than CVD or cancer. We identified 
deaths from the next of kin, the postal system, and the National 
Death Index. We previously estimated that at least 98% of 
deaths were identified using these approaches.40 We attempted 
to obtain the death certificate of each participant who had died, 
and when appropriate, we requested permission from the par-
ticipant’s next of kin to review medical records. Causes of death 
were primarily confirmed by review of autopsy reports, medical 
records, and death certificates.

Statistical Analysis
Cox proportional hazards regression was performed to calcu-
late hazard ratios (HRs) and 95% CIs for the outcomes across 
categories of duration of antibiotic use. Follow-up time was cal-
culated from the return date of the 2004 questionnaire until the 
date of death, or end of follow-up (June 30, 2014), whichever 
occurred first. To minimize confounding and investigate which 
factors might attenuate associations of antibiotics with all-
cause mortality, we performed 5 different multivariate-adjust-
ment models including covariates of demographic factors (such 
as age, race, family history of myocardial infarction, menopausal 
state and postmenopausal hormone use, and marital status 
[married or not married]), aspirin use, diet, and lifestyle factors 
(such as smoking status [5 categories: never, former, current 
1–14, 15–24, or ≥25 cigarettes], physical activity [quintiles], the 
Alternate Healthy Eating Index score without alcohol consump-
tion [quintiles], and alcohol consumption [none, 0–4.9, 5–14.9, 
or ≥15.0 g/day]), body mass index (<25, 25 to <30, or ≥30 
kg/m2), and metabolic diseases (such as hypertension, hyper-
cholesterolemia, and diabetes mellitus) in model 1. We included 
additional covariates of antibiotic use during middle adulthood 
in model 2; reasons for antibiotic use as respiratory infection 
(yes), urinary tract infection (yes), acne/rosacea (yes), chronic 
bronchitis (yes), or dental (yes) in model 3; other medication 
use (such as other anti-inflammatory medication including non-
aspirin nonsteroidal anti-inflammatory drugs/COX-2 inhibitors/
steroid use, statin use, H2 blockers use, and proton pump inhib-
itors use)7,41–44 in model 4; and other disease status in model 5 
(such as congestive heart failure, chronic renal failure, pneumo-
nia, and emphysema/chronic bronchitis). We also constructed 
additional models adjusting for other dietary factors, such as 
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multivitamin supplement use, total energy intake, dietary fiber 
intake, and dietary phosphatidylcholine intake; these adjust-
ments did not influence the primary results, so these dietary 
factors were not included in the main analysis. Tests of linear 
trend (Ptrend) across antibiotic use categories were conducted 
with the use of the Wald test of a continuous variable on the 
basis of midpoint day for each category; the highest category 
(2 months or more) conservatively set to 60 days.33

To assess potential effect modification and confounding, 
we performed stratified analyses according to indications for 
antibiotic use, participants’ characteristics and prevalent dis-
eases at baseline (including overweight or obese, hypertension, 
dyslipidemia, diabetes mellitus, pneumonia, and emphysema/
chronic bronchitis). The P for interactions between antibiotic 
use and these factors for mortality were calculated by the log-
likelihood ratio test, which compared models with and without 
cross-product interaction terms. To control of potential con-
founding, we also performed sensitivity analyses in restricted 
cohorts, such as by excluding major disease cases (myocar-
dial infarction, angina pectoris, stroke, coronary artery bypass 
grafting, or cancer) occurring within the first 2 years of follow-
up time. We also performed a sensitivity analysis by excluding 
people with a history of gastrointestinal bleeding that requires 
hospitalization or a transfusion to examine whether a disor-
der in the digestive tract may alter our findings considering. 
Further, healthy lifestyles are important modifiable factors for 
health outcomes and death; therefore, we compared HRs for 
mortality according to a joint classification of antibiotic use and 
categories of the healthy lifestyle score (low: 0–1 point, middle: 
2 points, and high: 3–4 points).

RESULTS
Our primary analysis included a total of 37 516 women; 
characteristics of study participants according to dura-
tion of antibiotic use in late adulthood are shown in 
Online Table I. Women with longer duration of antibiotic 
use were more likely to be older and to have lower Alter-
nate Healthy Eating Index scores, less physical activity, 

higher body mass index, hypertension, hypercholesterol-
emia, diabetes mellitus, and were more likely to use other 
medications. A total of 9% (n=3351) of the participants 
reported long-term (≥2 months) use of antibiotics in late 
adulthood. The most common reason for antibiotic use 
differed, with respiratory infections, urinary tract infec-
tions, and dental indications also being common indica-
tions. Women with long-term use in late adulthood were 
also more likely to use antibiotics in middle adulthood 
(age, 40–59).

During 355 918 person-years of follow-up, we doc-
umented 4536 deaths from any cause (including 728 
cardiovascular deaths and 1206 cancer deaths). More 
details on the causes of death in a present study popu-
lation are shown in Online Table II. A long duration of 
antibiotic use in late adulthood was significantly asso-
ciated with an increased risk of all-cause mortality in 
age-adjusted model as compared with no use (HR, 
1.27 [95% CI, 1.14–1.42]; Ptrend=6×10−6; Table 1). The 
association was not materially changed after adjusted 
for demographic, dietary, and lifestyle factors, meta-
bolic diseases (model 1), antibiotic use in middle adult-
hood (model 2), reasons for antibiotic use (model 3), 
and other medication use (model 4). As compared with 
women who did not use antibiotics, those who used ≥2 
months in late adulthood had a significantly increased 
risk of all-cause death with an adjusted HR of 1.29 
(95% CI, 1.13–1.47, model 4; Ptrend=0.001). When we 
further adjusted for disease status in model 5, the trend 
was attenuated but the elevated risk of long-term use 
remained significant (Ptrend=0.14; HR of the long-term 
use, HR 1.16 [95% CI, 1.01–1.33]).

For specific causes of death, we found a positive asso-
ciation between the long-term use and CVD mortality 
(HR, 1.49 [95% CI, 1.04–2.13]), but not for cancer mor-
tality (HR, 0.85 [95% CI, 0.65–1.12]; Figure 1). Interest-
ingly, we also found an increased risk of cardiovascular 

Table 1.  Hazard Ratios for All-Cause Mortality According to Total Time Using Antibiotics in Late Adulthood

Models

Total Time Using Antibiotics in Late Adulthood

PTrendNone <15 D 15 D to <2 Mo 2 Mo or More

Incident cases/person-years 651/66 399 2143/174 153 1120/84 453 622/30 912 …

 Age-adjusted model 1.00 (Ref.) 0.91 (0.83–0.998) 0.91 (0.82–1.00) 1.27 (1.14–1.42) 6×10−6

 MV-adjusted model 1: demographic, dietary, and lifestyle 
factors, and metabolic diseases

1.00 (Ref.) 0.93 (0.85–1.01) 0.93 (0.85–1.03) 1.28 (1.14–1.43) 3×10−6

 MV-adjusted model 2: antibiotic use in middle adulthood 1.00 (Ref.) 0.98 (0.89–1.07) 0.98 (0.87–1.09) 1.33 (1.16–1.51) 0.0001

 MV-adjusted model 3: reasons for antibiotic use 1.00 (Ref.) 0.98 (0.89–1.08) 0.97 (0.87–1.08) 1.31 (1.15–1.50) 0.0003

 MV-adjusted model 4: other medication use 1.00 (Ref.) 0.97 (0.88–1.07) 0.96 (0.86–1.07) 1.29 (1.13–1.47) 0.001

 MV-adjusted model 5: full 1.00 (Ref.) 0.96 (0.87–1.05) 0.90 (0.81–1.01) 1.16 (1.01–1.33) 0.14

Model 1: age, race, family history of myocardial infarction, menopausal state and postmenopausal hormone use, aspirin, marital status (married or not married), smoking 
status (never, former, current 1–14, 15–24, ≥25 cigarettes), physical activity (quintiles), Alternative Healthy Eating Index score (quintiles), alcohol consumption (none, 
0–4.9, 5–14.9, or ≥15.0 g/d), body mass index (<25, 25 to <30, or ≥30 kg/m2), hypertension, hypercholesterolemia, and diabetes mellitus. Model 2: model 1+antibiotic 
use during middle adulthood (during age 40–59). Model 3: model 2+reasons for antibiotic use as respiratory infection (yes), urinary tract infection (yes), acne/rosacea 
(yes), chronic bronchitis (yes), or dental (yes). Model 4: model 3+other anti-inflammatory medication (nonaspirin nonsteroidal anti-inflammatory drugs, COX-2 inhibitors, 
or steroid use), statin use, H2 blockers use, proton pump inhibitors use. Model 5: model 4+congestive heart failure, chronic renal failure, pneumonia, and emphysema/
chronic bronchitis. MV indicates multivariate-adjusted.
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mortality among women who used antibiotics for <15 
days with a fully adjusted HR of 1.33 (95% CI, 1.01–
1.73) as compared with nonusers. If we analyzed the risk 
of other death (incident cases=2602), there was a sig-
nificantly increased risk of mortality among the long-term 
users; fully adjusted HRs for death across the duration 
of antibiotic use were HR, 0.89 (95% CI, 0.78–1.01) for 
<15 days use, HR 0.86 (95% CI, 0.74–0.99) for 15 days 
to <2 months use; HR, 1.23 (95% CI, 1.03–1.47) for ≥2 
months use; Ptrend=0.015 (Online Table III).

When we calculated HRs of antibiotic use in middle 
adulthood after adjustment for the same covariates, 
we did not find an association between increased risk 
of all-cause mortality and long-term (>2 months) use 
of antibiotics in middle adulthood. Instead, women with 
the reported use in middle adulthood showed slightly 
decreased HRs for all-cause mortality (HR, 0.81 [95% 
CI, 0.73–0.90]) for <15 days use; HR, 0.82 (0.72–0.92) 
for 15 days to <2 months use, and HR, 0.82 (0.70–0.96) 
for 2 months or more use, respectively). We then cal-
culated HRs of the use in late adulthood for all-cause 
mortality after we stratified participants who used or did 
not use antibiotics in middle adulthood (Figure 2). The 
association between all-cause death and the use in late 
adulthood was found to be significant among women 
who also used antibiotics during middle adulthood (HR 
of ≥2 months use: 1.24 [95% CI, 1.08–1.42]).

In stratified analyses to assess potential effect modi-
fication according to characteristics or disease status at 
the baseline year 2004 (Table 2), we did not observe 

significant interactions of the antibiotic use with smok-
ing, overweight/obesity, metabolic diseases, respiratory 
diseases (emphysema/chronic bronchitis or pneumonia), 
or indications for the antibiotic use (respiratory infections, 
urinary tract infections, dental indication, or chronic bron-
chitis) on all-cause death (P value for interaction >0.05).

When we performed a sensitivity analysis by exclud-
ing major disease cases (myocardial infarction, angina 
pectoris, stroke, coronary artery bypass grafting, or can-
cer) occurring during the first 2 years of follow-up, overall 
results remained unchanged (Online Table IV). Also, we 
observed similar associations even after excluding people 
(n=1379) with a history of gastrointestinal bleeding that 
requires hospitalization or a transfusion (Online Table V).

Finally, we investigated whether a combination of 
healthy lifestyles modified the relation between antibiotic 
use and all-cause mortality (Figure 3). Compared with a 
reference group of women who did not use antibiotics in 
late adulthood and with healthier lifestyles (scores 3-4 
points), women with the long-term antibiotic use and with 
high healthy lifestyle score had an elevated risk for all-
cause death (HR, 1.22 [95% CI, 1.01–1.48]). Women with 
unhealthier lifestyles had an HR of 1.74 (95% CI, 1.40–
2.18) of all-cause death among the long-term users.

DISCUSSION
In the present study, we found significant associations 
between long-term antibiotic use in late adulthood and 

Figure 1. Hazard ratios (HRs) for deaths from cardiovascular disease (CVD) or cancer according to total time using antibiotics 
in late adulthood.
Model 1: age, race, family history of myocardial infarction, menopausal state and postmenopausal hormone use, aspirin, marital status (married or 
not married), smoking status (never, former, current 1–14, 15–24, or ≥25 cigarettes), physical activity (quintiles), Alternative Healthy Eating Index 
score (quintiles), alcohol consumption (none, 0–4.9, 5–14.9, or ≥15.0 g/day), body mass index (<25, 25 to <30, or ≥30 kg/m2), hypertension, 
hypercholesterolemia, diabetes mellitus, antibiotic use in middle adulthood, reasons for antibiotic use as respiratory infection (yes), urinary tract 
infection (yes), acne/rosacea (yes), chronic bronchitis (yes), or dental (yes), other anti-inflammatory medication (nonaspirin nonsteroidal anti-
inflammatory drugs, COX-2 inhibitors or steroid use), statin use, H2 blocker use, proton pump inhibitors use. Model 2: model 1+congestive heart 
failure, chronic renal failure, pneumonia, and emphysema or chronic bronchitis. Please see in Table 1 for person-years in each category.
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an increased risk of mortality, especially deaths due to 
cardiovascular diseases. The associations were indepen-
dent of traditional risk factors, such as demographic and 
lifestyle factors, dietary habits, obesity, metabolic disor-
ders, and other medication use.

Evidence on associations between antibiotic use and 
the risk of all-cause death are not consistent across 
studies,9,10,16,18,30,31,45,46 possibly due to the heterogeneity 
of study populations, causes of deaths, limited follow-up 
time for mortality, or assessment of duration of antibi-
otic use. In a meta-analysis by Cheng et al,10 there was 
no association of macrolide antibiotic use with all-cause 
mortality, and taking macrolide antibiotics was signifi-
cantly associated with increased risks of sudden car-
diac death and cardiovascular death. The meta-analysis 
also revealed stronger associations between macrolide 
antibiotics and cardiovascular mortality among studies 
that controlled for cardiovascular risk factors,10 although 
these studies did not control for detailed information on 
lifestyle and dietary factors. In a more recent meta-anal-
ysis, fluoroquinolone antibiotics that are commonly used 
to treat certain bacterial infections have been related to 
a 71% increase in the risk of cardiovascular death.32 A 
recent retrospective study of patients in the United King-
dom followed long-term mortality and showed that out-
patient clarithromycin use was significantly associated 
with increased mortality over 10 years.47 Our study exam-
ined associations of life-stage and duration of antibiotic 
use during adulthood and found that the long-term use 

of antibiotics in particular late adulthood was significantly 
associated with all-cause and cardiovascular mortality 
over 10 years after adjusted for lifestyle, diet, and other 
risk factors among elderly women who were initially free 
of CVD and cancer. These findings are in line with those 
of a recent meta-analysis on duration of antibiotic use 
for the treatment of community-acquired pneumonia,48 
which showed that short-course antibiotic treatment 
for <6 days was associated with fewer serious adverse 
events and lower mortality rate, as compared with longer-
course therapy (ie, treatment for ≥7 days).48

Also in line with other studies, we observed that 
women with long-term antibiotic use and unhealthy life-
styles had a particularly elevated risk of mortality com-
pared with those with healthy lifestyles. A study reported 
that azithromycin use (for 5 days) was associated with 
an increased risk of cardiovascular mortality, which was 
the most pronounced for patients with unfavorable car-
diovascular risk profiles at the baseline, although their 
results might be confounded by other coexisting condi-
tions, lifestyle risk factors (eg, smoking, obesity. poor diet, 
and low physical activity), and indication for antibiotic 
therapy.8 We observed that the increased risk of mortality 
among long-term antibiotic users was attenuated but not 
eliminated by healthy lifestyle factors, suggesting that 
women who took antibiotics for long term during late 
adulthood may be a high-risk group to target for lifestyle 
modifications to reduce mortality in later life.

Figure 2. Hazard ratios (HRs) for all-cause death according to antibiotic use in late adulthood (after age 60 y) and middle adulthood 
(age, 40–59 y). 
HRs after adjusted for age, race, family history of myocardial infarction, menopausal state and postmenopausal hormone use, aspirin use, reasons 
for antibiotic use, smoking habit, physical activity, Alternative Healthy Eating Index score, alcohol consumption, body mass index, hypertension, 
hypercholesterolemia, diabetes mellitus, other anti-inflammatory medication (nonaspirin nonsteroidal anti-inflammatory drugs, COX-2 inhibitors, or steroid 
use), statin use, H2 blocker use, proton pump inhibitors use, congestive heart failure, chronic renal failure, pneumonia, and emphysema or chronic bronchitis.
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In contrast, the use of antibiotics in middle adulthood 
was associated with a slightly decreased risk of mortal-
ity among elderly women (aged 60 or more), although 

the use in late adulthood was positively associated with 
all-cause and cardiovascular mortality after we adjusted 
for each use in the multivariate analysis. Our findings 

Table 2. HRs for All-Cause Mortality According to Total Time Using Antibiotics in Late Adulthood by Characteristics/Disease 
Status at Baseline

Status
Incident Cases/

Person-Years

Total Time Using Antibiotics
P Value for 
InteractionNone <15 D 15 D to <2 Mo 2 Mo or More PTrend

Age 0.05

 <70 y 331/121744 1.00 (Ref.) 1.17 (0.90–1.53) 1.06 (0.74–1.50) 2.19 (1.45–3.33) 0.016  

 ≥70 y 4205/234173 1.00 (Ref.) 0.88 (0.80–0.97) 0.88 (0.80–0.98) 1.21 (1.08–1.36) 6×10–5  

Never smokers 0.31

 Yes 1710/162815 1.00 (Ref.) 0.83 (0.72–0.96) 0.76 (0.65–0.89) 1.12 (0.93–1.34) 0.28  

 No 2826/193102 1.00 (Ref.) 0.93 (0.83–1.05) 0.97 (0.85–1.11) 1.28 (1.10–1.48) 6×10–5  

Overweight or obese 0.6

 Yes 2326/194165 1.00 (Ref.) 0.92 (0.81–1.04) 0.89 (0.77–1.02) 1.21 (1.03–1.43) 0.02  

 No 2210/161753 1.00 (Ref.) 0.91 (0.80–1.03) 0.92 (0.80–1.06) 1.33 (1.13–1.56) 0.0001  

Hypertension 0.57

 Yes 3014/197915 1.00 (Ref.) 0.90 (0.80–1.01) 0.90 (0.79–1.02) 1.29 (1.12–1.48) 2×10–5  

 No 1522/158003 1.00 (Ref.) 0.92 (0.80–1.07) 0.88 (0.75–1.04) 1.14 (0.93–1.39) 0.35  

Dyslipidemia 0.89

 Yes 3082/237275 1.00 (Ref.) 0.92 (0.82–1.03) 0.91 (0.80–1.03) 1.26 (1.09–1.45) 0.0003  

 No 1454/118642 1.00 (Ref.) 0.92 (0.79–1.06) 0.92 (0.78–1.09) 1.37 (1.12–1.67) 0.004  

Diabetes 0.88

 Yes 593/30284 1.00 (Ref.) 0.99 (0.76–1.30) 1.10 (0.82–1.48) 1.50 (1.09–2.07) 0.003  

 No 3943/325634 1.00 (Ref.) 0.91 (0.82–1.00) 0.90 (0.81–1.00) 1.23 (1.09–1.39) 0.0003  

Emphysema/chronic bronchitis 0.26

 Yes 645/21518 1.00 (Ref.) 0.75 (0.52–1.10) 0.85 (0.59–1.24) 0.94 (0.64–1.38) 0.12  

 No 3891/334399 1.00 (Ref.) 0.90 (0.82–0.98) 0.82 (0.74–0.91) 1.14 (1.01–1.29) 0.20  

Pneumonia 0.11

 Yes 642/34715 1.00 (Ref.) 0.86 (0.58–1.28) 0.88 (0.59–1.30) 1.46 (0.98–2.19) 6×10−5  

 No 3894/321202 1.00 (Ref.) 0.90 (0.82–0.99) 0.86 (0.78–0.96) 1.13 (0.99–1.28) 0.13  

Proton pump inhibitors use 0.54

 Yes 428/36085 1.00 (Ref.) 0.90 (0.62–1.33) 1.04 (0.7–1.55) 1.51 (1.00–2.30) 0.001  

 No 4108/319833 1.00 (Ref.) 0.91 (0.83–1.00) 0.89 (0.81–0.99) 1.24 (1.10–1.39) 0.0007  

H2 blockers use 0.83

 Yes 404/25687 1.00 (Ref.) 0.88 (0.59–1.31) 0.88 (0.58–1.35) 1.04 (0.66–1.64) 0.49  

 No 4132/330230 1.00 (Ref.) 0.91 (0.83–1.00) 0.90 (0.82–1.00) 1.28 (1.13–1.44) 2×10−5  

Most common reasons for antibiotics use

 Respiratory infection 0.41

  Yes 2453/194852 1.00 (Ref.) 0.95 (0.82–1.09) 0.97 (0.83–1.12) 1.41 (1.19–1.67) 5×10−6  

  No 2083/161066 1.00 (Ref.) 0.90 (0.80–1.02) 0.88 (0.76–1.01) 1.16 (0.99–1.36) 0.08  

 Urinary tract infection >0.99

  Yes 769/63270 1.00 (Ref.) 0.96 (0.74–1.26) 0.96 (0.72–1.28) 1.36 (1.01–1.83) 0.0095  

  No 3767/292647 1.00 (Ref.) 0.91 (0.83–1.00) 0.90 (0.81–1.01) 1.28 (1.13–1.45) 0.0001  

 Dental 0.41

  Yes 1021/73718 1.00 (Ref.) 0.97 (0.75–1.25) 0.90 (0.68–1.20) 1.23 (0.91–1.68) 0.21  

  No 3515/282200 1.00 (Ref.) 0.90 (0.82–1.00) 0.92 (0.83–1.03) 1.29 (1.14–1.46) 7×10−6  

 Chronic bronchitis 0.46

  Yes 335/16492 1.00 (Ref.) 0.90 (0.48–1.67) 0.83 (0.44–1.55) 1.44 (0.76–2.73) 0.026  

  No 4201/339426 1.00 (Ref.) 0.89 (0.81–0.99) 1.20 (1.07–1.35) 1.34 (1.06–1.70) 0.001  

HRs (95% CIs) adjusted for age, race, and family history of myocardial infarction. HR indicates hazard ratio.
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are consistent with results of the previous meta-analysis 
in which different associations between antibiotics and 
mortality were observed according to age groups, and 
there was no association between azithromycin use and 
a higher risk of death in younger populations (mean age, 
<40 years); however, in older populations (mean age 
≥40 years), there was an increased risk of death asso-
ciated with current use of the antibiotic use.18 Another 
meta-analysis has also reported that macrolide antibiotic 
use (except for roxithromycin) was found to be associ-
ated with an increased risk of cardiac death, particularly 
in older adults (aged >48 years).30 Nonetheless, we 
found that the increased risk of mortality associated with 
long-term antibiotic use in late adulthood was more evi-
dent among women who also used antibiotics in middle 
adulthood than among those who did not use during this 
life stage, suggesting the importance of the cumulative 
antibiotic use in middle and late adulthood for mortality 
among elderly women.

As for the biological mechanisms, it is known that anti-
biotic treatment may induce a prolongation of QT interval 
and the Torsades de Pointes49,50 and may stimulate prolif-
eration and activity of macrophages,51,52 which may induce 
atherosclerosis.53 Previous studies have suggested that 
antibiotic use may induce alterations in microbiota com-
position persistently (over 2 months) even after cessa-
tion of the treatment23 and that gut microbe-dependent 
metabolites may increase platelet hyperreactivity and 
propensity to thrombosis.54 Our previous meta-analysis of 
prospective cohorts showed that circulating gut microbial 
metabolites were associated with risks of major adverse 
cardiovascular events independently of traditional risk 
factors.55 In a prior study of women in the NHS, long-
term antibiotic use in early-to-middle adulthood was 

associated with increased risk of colorectal adenoma.4 
Our study examined total cancer mortality as an outcome 
event, and further investigations would be needed about 
risks of deaths from different types of cancer.

Our study has several strengths and limitations. We 
used a well-established prospective cohort with a rea-
sonably large sample size with high follow-up rates over 
extended follow-up. Our results were controlled for com-
prehensive information on demographics, lifestyle hab-
its, and diet, which minimized the potential for residual 
confounding. However, similar to other observational 
studies, we could not determine a causal effect for our 
observations, and residual and unmeasured confound-
ing could not be completely ruled out. Individuals who 
reported antibiotic use might be less healthy in other 
unmeasured ways. Also, information on antibiotic use 
was self-reported and potential misclassification was 
inevitable; thus, we could not deny the possibility that the 
risks of outcomes might have been under- or overesti-
mated. On the contrary, our study population consisted of 
health professionals who would be able to provide more 
accurate information on their medication use than gen-
eral populations, which could minimize such a possibility. 
Last, we did not have information on specific types of 
antibiotics, precluding assessments whether the findings 
were specific to certain types of antibiotics. If the risks 
of all-cause and cause-specific deaths were attributable 
to only specific classes of antibiotics, our results might 
have underestimated the magnitude of associations of 
antibiotic use with the outcomes. On the contrary, the 
most common types of prescription largely depend on 
the cause; prevalent disease status and indications for 
the antibiotic use were considered in our analyses.

Figure 3. Join effect of healthy lifestyles and antibiotic use in late adulthood on all-cause mortality.
Data in blanket are 95% CIs. Hazard ratios (HRs; 95% CIs) after adjusted for age, race, family history of myocardial infarction, menopausal state 
and postmenopausal hormone use, aspirin use, reasons for antibiotic use, alcohol consumption, hypertension, hypercholesterolemia, diabetes 
mellitus, other anti-inflammatory medication (nonaspirin nonsteroidal anti-inflammatory drugs, COX-2 inhibitors, or steroid use), statin use, H2 
blocker use, proton pump inhibitors use, congestive heart failure, chronic renal failure, pneumonia, and emphysema or chronic bronchitis. Healthy 
lifestyle score was calculated using data on diet (top 2 quintiles of Alternate Healthy Eating Index scores, yes)+smoking habit (nonsmoker, 
yes)+physical activity (moderate or high physical activity habit equivalent 150 min/wk, yes)+body mass index (nonoverweight or nonobese, body 
mass index <25.0 kg/m2, yes) according to the American Heart Association guideline; ranges 0 to 4 points. Low scores: 0 or 1 points, middle 
score: 2 points, and high scores: 3 or 4 points.
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In conclusion, this prospective analysis of women sug-
gested that women who take antibiotics for long periods 
during adulthood may be a high-risk group to target for 
risk-factor modification to prevent cardiovascular and all-
cause deaths.
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