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Abstract. Non‑gonococcal urethritis (NGU) is one of the most 
common sexually transmitted diseases caused by chlamydia 
or mycoplasma. The present study aimed to explore the 
clinical efficacy of azithromycin combined with doxycycline 
in patients with NGU and its effect on serum levels of inflam-
matory cytokine interleukin‑6 (IL‑6).A total of 98 patients 
with non‑gonococcal urethritis were prospectively selected, 
of which 46 patients were assigned to an azithromycin group 
(treated with azithromycin alone), while the rest were assigned 
to a combination group (treated with azithromycin and doxy-
cycline). The conditions of the patients were evaluated and 
compared between the two groups. The treatment efficacy in 
patients in the combination group was significantly better than 
that in the azithromycin group, and the time to symptom relief, 
period of medication, recurrence rate within 1 year of with-
drawal and level of serum IL‑6 in the combination group were 
significantly lower than those in the azithromycin group. The 
quality of life of patients in the combination group was signifi-
cantly improved compared to those in the azithromycin group. 
However, there was no significant difference in the incidence 
of adverse reactions between the two groups. Azithromycin 
combined with doxycycline was revealed to be more effective 
than azithromycin monotherapy for NGU.

Introduction

Non‑gonococcal urethritis (NGU) is one of the most common 
sexually transmitted infections caused by Chlamydia 
trachomatis, Mycoplasma genitalium, and Neisseria gonor‑
rhoeae (1). Mycoplasma, the pathogen of NGU, can adhere to 
the surface of the genitourinary tract, resulting in an epithelial 
infection (2). In recent years, with changes in life‑style and 
sexual behavior of people, the incidence of NGU is increasing, 
and the primary clinical manifestation is urethritis, generating 
a serious impact on the quality of life and health of people (3).

At present, patients with NGU are treated with azithromycin 
(a broad‑spectrum drug) monotherapy (4). Azithromycin, a 
macrolide, is useful to treat infections caused by Gram‑positive 
aerobic bacteria such as Staphylococcus aureus (5). However, 
due to its widespread clinical application in recent years, several 
pathogens have developed resistance against azithromycin. 
Additionally, azithromycin has many adverse reactions (6). 
Therefore, although it has an effect on NGU, there are still 
some limitations.

Doxycycline is a long‑acting tetracycline‑based broad‑​
spectrum antibiotic and has a high fat solubility  (7,8). 
Doxycycline prevents protein synthesis by binding to 
nucleosome 30S subunit of pathogenic bacteria, and inhibits 
the replication of bacterial protein DNA, thus killing the 
pathogen  (7,8). Previous research has revealed that doxy-
cycline has better tolerance, a longer half‑life period and a 
stronger antibacterial activity compared to tetracycline (9). 
However, due to the wide application of antibiotics in recent 
years, common pathogenic bacteria achieve certain resistance 
against antibiotics, leading to unsatisfactory antibiotic mono-
therapy treatment (10). However, a previous study revealed 
that Ureaplasma urealyticum and Mycoplasma hominis were 
highly sensitive to doxycycline, and were not resistant against 
doxycycline  (11). Previous studies have also revealed that 
multiple antibiotics are more effective than monotherapy in 
treating NGU (12). Therefore, in the present study, the efficacy 
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of azithromycin and doxycycline combination therapy was 
evaluated for the treatment of NGU.

Interleukin‑6 (IL‑6) is released by a monocyte in response 
to a bacterial or viral infection (13). As one of the primary 
inflammatory factors, IL‑6 can reflect the degree of inflam-
matory response of the immune system against the invading 
pathogen (13). A previous study revealed that urethral mucosa 
in patients with non‑gonococcal Mycoplasma urethritis 
promoted IL‑6 secretion which in turn increased inflamma-
tion (14). It is suggested that IL‑6 plays a pivotal role in the 
inflammatory response towards NGU.

At present, there are relatively few studies on the applica-
tion of azithromycin and doxycycline combination therapy in 
NGU and their effects on IL‑6. The present study aimed to 
explore the efficacy of this combination therapy in NGU and 
the effects of doxycycline on the inflammatory response by 
assessing the expression of IL‑6.

Patients and methods

General data. The present study was conducted from January 
2016 to January 2017, and 98 patients with NGU were prospec-
tively selected, including 47 males and 51 females, with an 
average age of 35.2±2.4 years, and the sample size was esti-
mated as previously described (15). The patients were assigned 
to an azithromycin group (46 patients, treated with azithro-
mycin alone) or a combination group (52 patients, treated with 
azithromycin and doxycycline).

Inclusion and exclusion criteria. The inclusion criterion was 
as follows: Patients diagnosed with NGU by PCR detection of 
Mycoplasma and chlamydia in urethral discharge during their 
first visit (16).

The exclusion criteria were as follows: i) Patients with 
severe organ diseases, such as liver, kidney as well as other 
organ diseases; ii) patients who had taken antibiotics 2 weeks 
before being enrolled in the study; iii) patients allergic to 
azithromycin or doxycycline; iv)  patients who had taken 
doxycycline and azithromycin; v)  patients who had taken 
drugs such as cephalosporins with effects onthe efficacy 
of doxycycline or azithromycin; vi) patients infected with 
Neisseria gonorrhoeae or any other STIs; vii) patients withre-
peated unprotected sex during the study period; viii) patients 
who did not receive any physical examination; ix) patients with 
communication disorder or cognitive disorders.

All patients and their family members agreed to partici-
pate in the study and signed informed consent documents. 
The present study was approved by the Ethics Committee of 
Xinchang People's Hospital.

Therapeutic methods. Azithromycin dispersible tablets were 
administrated to patients in the azithromycin group once a day 
at a dose of 1 mg, 2 h after a meal and the dosage was doubled 
during the first use, and then it was returned to the normal 
dosage. Patients in the combination group were administered 
enteric‑coated doxycycline hydrochloride tablet at 100 mg once 
a day along with azithromycin dispersible tablets. The dosage 
was doubled during the first use, and then it was returned to the 
normal dosage, and the tablet was taken after meals for a 7‑day 
treatment course. In addition, the patients were closely observed. 

The withdrawal time was recorded. The indexes were evaluated 
after two courses of treatment. Patients who failed to respond to 
the treatment were provided with another therapy plan.

Observation indicators. Observation indicators were as 
follows: i) After two weeks of treatment, the therapeutic effi-
cacy of the two groups was evaluated. The therapeutic efficacy 
was divided into recovery, onset of action, improvement and 
inefficacy. Efficacy evaluation criteria were as follows (17): 
a)  Recovery, disappearance of symptoms, and negative 
results in the diagnostic test; b) onset of action, relief in signs 
and symptoms and negative results in the diagnostic test; 
c) improvement, remission in signs and symptoms and posi-
tive results in the diagnostic test; inefficacy, no improvement 
in signs and symptoms with lack of relief and even increased 
severity of infection, with positive results in the diagnostic 
test. The total efficacy rate was calculated as follows: Total 
efficacy rate=(Number of recovery cases + number of onset of 
action cases)/total number of cases x100%. ii) The symptom 
relief time and medication period (2 courses of treatment each 
consisting of 7 days) of the two groups were recorded and 
compared. iii) The recurrence in the two groups within one 
year after treatment was terminated, if any, was recorded and 
compared. Patients who failed to respond to the treatment were 
not included in the evaluation. The recurrence criteria were 
symptom recurrence and positive mycoplasma or chlamydia 
culture from urethral/cervical secretion. iv) The enzyme‑linked 
immunosorbent assay (ELISA) was used to assess and compare 
serum IL‑6 levels in the two groups of patients before treat-
ment and 1 week after drug withdrawal. ELISA was performed 
according to the kit instructions (Shanghai Enzyme‑Linked 
Biotechnology Co., Ltd., China). v) Adverse reactions such as 
headaches, abdominal pain, nausea and vomiting and rash that 
occurred during the treatment were recorded and compared 
between the two groups. vi) The Quality of life (QoL) core ques-
tionnaire, the QLQ‑C30 by EORTC (18), primarily designed 
for use in cancer clinical trials, but that can be used in other 
research, was used to evaluate the quality of life in patients of 
the two groups after 2 courses of treatment. This questionnaire 
is comprised of 5 function scales (role, emotional, somatic, 
cognitive and social), with a total of 30 items. A higher score 
indicated better quality of life and functioning. The results of 
the QoL questionnaires were analyzed according to the specific 
scoring manual provided by the EORTC (19), all scores were 
expressed on a scale ranging between 0‑100.

Statistical analysis. The measured data were expressed as the 
mean ± standard deviation. The independent t‑test was used to 
compare data between the two groups. Paired t‑test was used 
to compare data before and after the treatment in both groups. 
Direct counts were expressed as percentages and measured 
by the χ2 test. Differences were considered significant when 
P<0.05. All statistical analyses were carried out in SPSS v19.0 
(AsiaAnalytics formerly SPSS China).

Results

Comparison of general data. There were no significant differ-
ences in sex and age as well as other factors between the two 
groups (all P>0.05; Table I).
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Comparison of clinical efficacy between the two groups. The 
total effective rate in the azithromycin group was lower than that 
in the combination group (52.17 vs. 84.62%, P<0.001; Table II).

Comparison of symptom relief time and medication time 
in two groups. The symptom relief time and medication 
period (2 courses of treatment each consisting of 7 days) in 
the azithromycin group were 8.12±1.31 and 11.42±2.51 days, 
respectively. The same indicators in the combination group 
were 5.79±1.14 and 8.85±2.11 days, respectively. The symptom 
relief time and medication period in the combination group 
were also significantly lower than in the azithromycin group 
(P<0.001; Table III).

Recurrence after withdrawal in the two groups. A total of 
10 patients in the azithromycin group had a recurrence within 
one year after the treatment was terminated, with a recurrence 
rate of 21.74%. In the combination group, 3 patients had a 
recurrence within one year after withdrawal, with a recurrence 
rate of 5.77%. The recurrence rate in azithromycin group was 
significantly greater than the combination group (χ2=5.410, 
P=0.020; Fig. 1).

Serum IL‑6 levels in patients before and after treatment in two 
groups. Serum IL‑6 levels in the azithromycin group before 
and after treatment were 19.73±4.29 and 15.36±2.91 pg/ml, 
respectively. However, serum IL‑6 levels in the combina-
tion group before and after treatment were 20.02±4.14 and 
12.12±2.05  pg/ml, respectively. There was no significant 

difference in the serum IL‑6 levels between the two groups 
before treatment (P>0.05). After treatment, the levels of serum 
IL‑6 in the two groups were significantly lower than those 
before treatment (P<0.05) and serum IL‑6 in the combination 
group was significantly lower than that in the azithromycin 
group (P<0.05; Fig. 2).

Incidence of adverse reactions during treatment in both 
groups. The occurrence of headaches, abdominal pain, nausea 
and vomiting, and rash in the azithromycin group and combi-
nation group were 1, 2, 1, 2 and 1, 2, 2, 2, respectively, which 
revealed no intergroup difference in the incidence of adverse 
reactions (13.04% vs. 13.46%, P>0.05; Table IV).

Comparison of the quality of life between the two groups after 
two courses of treatment. There was no significant difference 
in the quality of life score between the two groups before treat-
ment (P>0.05). After treatment, the quality of life score in the 
two groups was significantly greater than that before treatment 
(P<0.05). After treatment,the role, emotional and somatic, 
cognitive and social functions in the combination group were 
significantly greater than those in the azithromycin group 
(all P<0.05; Table V).

Discussion

NGU is a sexually transmitted disease caused by Chlamydia 
trachomatis or Mycoplasma hominis. Mycoplasma and chla-
mydia are common sexually transmitted pathogens in males 

Table I. General data (n, %).

Factors	 Azithromycin group (n=46)	 Combination group (n=52)	 t/χ2 tests	 P‑value

Sex			   0.001	 0.980
  Male	 22 (47.83)	 25 (48.08)		
  Female	 24 (52.17)	 27 (51.92)		
Age (years)			   0.002	 0.960
  ≤35	 21 (45.65)	 24 (46.15)		
  >35	 25 (54.35)	 28 (53.85)		
BMI (kg/m2)			   0.027	 0.869
  ≤22	 24 (52.17)	 28 (53.85)		
  >22	 22 (47.83)	 24 (46.15)		
Marriage			   0.010	 0.922
  Yes	 35 (76.09)	 40 (76.92)		
  No	 11 (23.91)	 12 (23.08)		
Liver function				  
  Serum total protein (g/l)	 72.31±2.13	 72.34±2.11	 0.070	 0.944
  Alanine aminotransferase (µmol/l)	 28.42±4.57	 27.93±4.52	 0.533	 0.595
  Total bilirubin (µmol/l)	 11.22±2.12	 11.21±2.04	 0.024	 0.981
Renal function				  
  Creatinine (µmol/l)	 66.19±3.05	 67.02±3.12	 1.328	 0.187
  Serum urea (mmol/l)	 5.05±0.41	 5.06±0.38	 0.125	 0.901
  Uric acid (µmol/l)	 269.11±10.44	 271.32±10.31	 1.053	 0.295

BMI, body mass index.
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and females, both of which can cause stubborn infections that 
cannot be cured by antibiotics. The resulting disease from 
a resistant pathogen is difficult to cure and prone to recur-
rence (20,21). Since the primary route of transmission of NGU 
is sexual, the incidence of NGU has increased rapidly in recent 
years, and it has become primarily a sexually transmitted 
disease. It generally affects the health of women, but it also 
has a negative impact on the male reproductive system, and 
can easily lead to sterility. Hence, it is a threat to the health 
of people and general well‑being  (22,23). Drug therapy is 
the treatment of choice for patients with NGU. However, due 
to the abuse of antibiotics, drug resistance of pathogens has 
significantly increased, which renders treatment of the disease 
difficult. It is, therefore, imperative to find alternative and 
effective treatment methods for NGU (24,25).

The therapeutic effects of azithromycin monotherapy 
and azithromycin combined with doxycycline on NGU 
were compared in the present study. It was revealed that the 
efficacy of the azithromycin group was significantly lower 
than that of the combination group. The symptom relief 
time and medication period in the combination group were 
also significantly lower than in the azithromycin group. 

Hence, the combination of azithromycin and doxycycline 
was more effective in the treatment of NGU. Azithromycin 
is commonly used for the treatment of NGU caused by 
Mycoplasma infection, and its irregular use has led to 
mutations in drug resistance genes in Mycoplasma (26). In 
Denmark, azithromycin resistance in Mycoplasma genita‑
lium isolates have been found to be as high as 40% (27). 
Doxycycline is highly effective as an alternative therapeutic 
drug for NGU caused by Mycoplasma. Mycoplasma is also 
highly sensitive to doxycycline NGU (26). Although there 
are relatively few studies on the efficacy of azithromycin in 
combination with doxycycline in the treatment of NGU, the 
present study revealed that the combination therapy can be 
very useful. To further evaluate the effects of the combi-
nation therapy, the recurrence rate, adverse reactions and 
serum IL‑6 levels before and after treatment between the two 
groups were compared. The results revealed that the recur-
rence rate and serum IL‑6 level in the combination group 
were lower than those in the azithromycin group after one 

Figure 1. Recurrence within one year after treatment was terminated in the 
two groups. *P<0.05.

Figure 2. Serum IL‑6 levels in patients before and after treatment in the two 
groups. *P<0.05. IL‑6, interleukin‑6.

Table II. Clinical efficacy in the two groups (n, %).

Efficacy	 Azithromycin group (n=46)	 Combination group (n=52)	 χ2 test	 P‑value

Healing achieved	 14 (30.43)	 28 (39.02)		
Markedly effective	 10 (21.74)	 16 (31.71)		
Improvement achieved	 16 (34.78)	 6 (17.07)		
Ineffective	 6 (2.22)	 2 (12.20)		
Total effective rate	 24 (52.17)	 44 (84.62)	 12.09	 <0.001

Table III. Time course of symptom relief and medication in the two groups.

Parameter	 Azithromycin group (n=46)	 Combination group (n=52)	 t‑value	 P‑value

Time course of symptom relief (days)	 8.12±1.31	 5.79±1.14	 9.415	 <0.001
Medication period (days)	 11.42±2.51	 8.85±2.11	 5.506	 <0.001
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year after the termination of treatment. Moreover, there was 
no significant difference in the incidence of adverse reac-
tions between the two groups. This may, thus, indicate that 
the addition of doxycycline to azithromycin monotherapy 
can not only reduce the recurrence of NGU of patients, but 
also alleviate the inflammatory reaction without causing 
more adverse events. One previous study has revealed that 
90% of doxycycline is absorbed through the gastrointes-
tinal tract when taken orally; in addition to having fewer 
side effects (28). In addition, doxycycline, a tetracycline, 
acts as a powerful antibiotic by mainly blocking the protein 
synthesis of pathogens by binding specifically to ribosomal 
30S subunits. It has higher fat solubility and a strong tissue 
penetration ability and also causes fewer side‑effects in 
patients with renal dysfunction  (29,30). Previous studies 
have indicated that doxycycline may be more effective 
than azithromycin in the treatment of rectal chlamydia 
infection (31). Although the authors did not evaluate the 
combination therapy, they concluded that doxycycline 
was more effective than azithromycin. Finally, the quality 
of life between the two groups was compared, and it was 
revealed that the quality of life score of the azithromycin 
group was significantly lower than that of the combination 
group. Hence, azithromycin combined with doxycycline 
was revealed to improve the therapeutic efficacy and the 
quality of life of patients.

However, there are some limitations in the present 
study. For example, the impact of different courses of treat-
ment on patients as well as the efficacy of doxycycline 
monotherapy were not explored. A previous study revealed 
that 1 g azithromycin was more effective than doxycycline 
used for Mycoplasma genitalium in treating nongonococcal 
urethritis (25), however we have yet to investigate this. In 
addition, we have not analyzed the effectiveness of IL‑6 level 
and the correlation of IL‑6 level with clinical efficacy and 
adverse reactions. These topics may be explored in a future 
study.

In conclusion, azithromycin combined with doxycycline 
was revealed to be more effective than azithromycin mono-
therapy in the treatment of non‑gonococcal urethritis. It could 
effectively alleviate the symptoms of patients and reduce the 
expression of inflammatory factors such as IL‑6 in the serum 
of patients, improve the quality of life of patients, without 
causing more adverse reactions.
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Table IV. Incidence of adverse reactions in the two groups (n, %).

Adverse reactions	 Azithromycin group (n=46)	 Combination group (n=52)	 χ2 test	 P‑value

Headaches	 1 (2.17)	 1 (1.92)		
Abdominal pain	 2 (4.35)	 2 (3.85)		
Nausea and vomiting	 1 (2.17)	 2 (3.85)		
Rash	 2 (4.35)	 2 (3.85)		
Total incidence rate	 6 (13.04)	 7 (13.46)	 0.004	 0.951

Table V. Comparison of the quality of life between the two groups.

Parameters	 Azithromycin group (n=46)	 Combination group (n=52)	 t‑value	 P‑value

Before treatment				  
  Role function	 56.11±2.56	 55.99±2.49	 0.235	 0.815
  Emotional function	 55.39±2.61	 56.12±2.72	 1.351	 0.180
  Somatic function	 55.73±2.55	 55.59±2.31	 0.285	 0.776
  Cognitive function	 56.02±2.94	 55.83±2.84	 0.325	 0.746
  Social function	 55.17±2.83	 55.26±2.79	 0.158	 0.875
After treatment				  
  Role function	 72.67±2.12a	 80.45±2.23a	 17.64	 <0.001
  Emotional function	 70.82±2.23a	 79.91±2.06a	 20.97	 <0.001
  Somatic function	 70.99±2.18a	 81.47±2.02a	 24.70	 <0.001
  Cognitive function	 73.68±3.02a	 80.33±2.87a	 11.17	 <0.001
  Social function	 70.27±2.16a	 81.52±2.46a	 23.91	 <0.001

Compared with before treatment, aP<0.05.
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