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OBJECTIVES: Our purpose was to confirm the elevation of vaginal pH expected in patients with bacterial 
pathogens in premenopausal women and to examine the relationship of serum follicle-stimulating 
hormone and estradiol levels to vaginal pH in menopausal patients without and with hormone 
replacement therapy. 
STUDY DESIGN: Vaginal pH was determined by phenaphthazine (Nitrazine) pH paper in 253 patients 
seen in a solo private practice for routine speculum examination. None of the patients were pregnant. 
Measurements were made of serum levels of follicle-stimulating hormone and estradiol for 172 patients 
and vaginal cultures were taken from 82 patients. Vaginal pH was correlated with vaginal cultures and 
serum follicle-stimulating hormone and estradiol levels by use of statistical analysis. 
RESULTS: Vaginal pH was elevated in all premenopausal patients with documented bacterial pathogens. 
Serum estradiol levels showed an inverse and serum follicle-stimulating hormone levels a direct statistical 
correlation with vaginal pH in menopausal patients. 
CONCLUSIONS: Measurement of vaginal pH is useful, effective, and inexpensive for screening purposes. 
A vaginal pH of 4.5 is consistent with a premenopausal serum estradiol level and the absence of bacterial 
pathogens. An elevated vaginal pH in the 5.0 to 6.5 range suggests a diagnosis of either bacterial 
pathogens or decreased serum estradiol. In patients with an elevated pH, vaginal culture should establish 
the diagnosis. In the absence of bacterial pathogens, a vaginal pH of 6.0 to 7.5 is strongly suggestive of 
menopause. Titration of estradiol level by vaginal pH during estrogen replacement therapy may help 
menopausal women avoid side effects or cessation of therapy. (Am J Obstet Gynecol 1997;176:1270-7.) 
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In an era of increasingly managed care, physicians are 
continually urged to curb the use of  expensive, "high- 
tech" diagnostic tools. In response, we must develop new 
"low-tech" diagnostic tools that are also cost effective. 
This article describes preliminary studies of a cost-effec- 
tive "low-tech" diagnostic tool, the vaginal pH, as applied 
to two conditions: vaginitis and menopause. 

Vaginitis is the most prevalent disorder for which 
women seek medical assistance?' 2 Although the diagno- 
sis of t r ichomonal vaginalis and yeast or candidal infec- 
tions is fairly straightforward, the diagnosis of bacterial 
infections of the vagina has undergone a n  erratic course. 
The most widely repor ted such disorder is bacterial 
vaginosis.1, 2 Recent publications on bacterial vaginosis 
have stressed its association with pregnancy- and non- 
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pregnancy-related infections of the upper  genital 
tract.S. 4 The use of vaginal pH, amine whiff testing, wet 

mount,  and Gram's  stain examination of the vaginal 
discharge in some combination are among at least seven 
diagnostic sets of  criteria that have been used for diag- 
nosis. However, an elevated vaginal pH (5.0 to 6.5) in a 
normally estrogenized patient is almost always associated 
with bacterial vaginosis. 1' 2, 5-7 These indirect measures 
reflect an at tempt at cost containment  and speeding 
diagnosis by eliminating culture, which otherwise would 
be the gold standard for the diagnosis of  vaginitis or 
vaginosis. Although anaerobic organisms are considered 
the most prevalent in bacterial vaginosis, the presence of 
Gardnerella vag~nalis is not  currently considered to be 
pathognomonic for this disorder because G. vaginalis has 
been repor ted to be present in high percentages in the 
vaginas of asymptomatic individuals. 8 Although hydro- 
gen peroxide-producing  lactobacilli are reduced in 
number,  G. vaginalis seemingly antecedes the increased 
numbers of anaerobic organisms in the development  of 
bacterial vaginosis. 9 Furthermore,  therapy directed at the 
anaerobic organisms is not always effective, a° No one has 
repor ted on the presence of G. vaginalis or other aerobic 
pathogenic organisms associated with or independent  of 
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bacterial vaginosis as influencing vaginal pH. Most clin- 
ical laboratories available to the practicing obstetrician- 
gynecologist routinely culture only aerobically. Thus only 
aerobic vaginal cultures were obtained in this investigation. 

Prepubertal  and postlnenopausal vaginal mucous 
membranes possess an atrophic epithelium with a sur- 
face pH of 6.0 to 8.0. At puberty, circulating estrogens 
increase, resulting in a proliferation of  vaginal epithelial 
cells. Glycogen is deposited in the intermediate and 
superficial epithelial cells of the vagina, and lactobacilli 
proliferate, causing the enzymatic breakdown of  cellular 
glycogen. Lactic acid and hydrogen peroxide are pro- 
duced, which lowers the vaginal pH to 3.5 to 4.5. This is 
considered an indicator for a normal, properly estrog- 
enized vagina, n Vaginal pH can be elevated by bacterial 
vaginosis, blood, cervical mucus, semen, vaginal medica- 
tions, and douches. 

This article presents the results of  vaginal pH testing 
on consecutive premenopausal  and postmenopausal  pa- 
tients at tending a private gynecologist' once ,  none with 
complaints of vaginitis. This study suggests that the 
presence of important  aerobic pathogens is likely to be 
associated with pH values >4.5 in premenopausal  
women and also offers preliminary data supporting the 
hypothesis that pH values >4.5 in the absence ofvaginitis 
are associated with a low estrogen level as in meno- 
pause.la, 1 

Material and methods 

Patient~ in a private gynecologic practice who ap- 
peared for a routine visit on a random day of their cycle 
were tested for vaginal pH during routine speculum 
examinations. None of these patients were pregnant  and 
none were using vaginal medication. Consecutive pre- 
menopausal  or menopausal  patients categorized accord- 
ing to menstrual patterns and subsequent hormonal  
values (see below) were studied: 55 premenopausal  pa- 
tients had vaginal pH and aerobic and yeast cultures 
obtained and 152 consecutive postmenopausal  patients 
were tested for vaginal pH and serum follicle-stimulating 
hormone (FSH) and serum estradiol levels. Of these 152 
patients, 88 were receiving estrogen replacement  therapy 
and 64 patients were receiving no hormonal  t reatment 
with 16 and 11, respectively, having vaginal cultures 
obtained. A unique opportunity to assess the changes in 
estrogen treatment  was provided by 13 menopausal  
patients on two separate occasions. Six of these patients 
were tested before and after starting the use of estrogen 
and 7 were tested before and after a change in estrogen 
dose. Twenty-five patients were deemed premenopausal  
(see below) but  did not  have vaginal cultures obtained, 8 
patients were receiving oral contraceptives, and 1 patient 
was using yam cream. All these patients had pH, FSH, 
and estradiol measurements. Therefore a total of 254 
patients were studied. 

Phenaphthazine (Nitrazine) pH indicator paper  (sup- 
plied by Apothecon, Bristol-Myers Squibb, Princeton, 
NJ.,  and Micro Essential Laboratory, Brooklyn, N.Y.) was 
used for vaginal pH testing. The pH range is 4.5 to 7.5. It 
has been used in obstetrics since 1938] 4 Phenaphthazine 
pH indicator paper  proved to be easy to read and served 
well for both bacterial vaginosis-vaginitis and serum 
estradiol level screening. 

The pH paper  was applied directly to the lateral 
vaginal wall at the outer  third of  the vagina. 1~ Care was 
taken to avoid cervical mucus, blood, or other sub- 
stances, such as semen and lubricating jelly, known to 
affect vaginal pH. All samples were interpreted in incan- 
descent light for accuracy. 

All vaginal specimens were collected with use of the 
Star Swab Starplex Transport  System and were sent to 
Unilab Corporation (Tarzana, Calif.), where aerobic 
cultures were grown. When the predominant  organism 
recovered was [3-hemolytic streptococci, G. vaginalis, or 
yeast, it has been listed as such. If  a combination of such 
organisms (excluding yeast), including gram-negative 
aerobic organisms such as Eschetichia cull were grown, 
then the patient was deemed as having a "mixed" infec- 
tion. 

Venipuncture for all blood samples was obtained 
within 1 hour of the vaginal pH test and all were sent to 
Huntington Memorial Hospital Laboratory (Pasadena, 
Calif.). Serum FSH levels were determined with the 
Dade/Baxter  Stratus II automated instrument and re- 
ported as mil l i -International  Units per  milliliter. Normal 
ranges for women are as follows: follicular phase, 3.6 to 
16.0 mIU/ml ;  midcycle peak, 8.1 to 28.9 mIU/ml ;  tuteal 
phase, 1.8 to 11.7 mIU/ml ;  and postmenopausal,  22.9 to 
167.0 mIU/ml .  Serum estradiol levels were determined 
by radioimmunoassay with Diagnostics Products Corpo- 
ration's Coat-A-Count and repor ted as picograms per 
milliliter. The Huntington Hospital Laboratory serum 
estradi01 range for ovulating females by cycle day relative 
to luteinizing hormone peak is follicular phase -12 (10 to 
50 pg /ml ) ,  - 4  (60 to 120 pg /ml ) ,  midcycle -1 (120 to 
375 pg /ml ) ,  luteal phase +2 (50 to 155 pg /ml ) ,  +6 (60 
to 260 pg /ml ) ,  and +12 (15 to 115 pg /ml ) .  

Patients were considered to be menopausal  if they had 
not  had a menstrual per iod in 1 year or if the FSH value 
was >22.9 m l U / m l  or the estradiol value was <40 pg/ml .  
A lower limit for estradiol of 40 p g / m l  was selected as 
adequate replacement  therapy because patients with this 
value usually have withdrawal periods when challenged 
with progesterone. Patients were considered to be pre- 
menopausal  if thei r cycles were regular. Additionally, 
because patients arrived for their visit on a random day, 
some patients were found to have high FSH and estradiol 
levels and were considered to be premenopausal .  The 
estradiol values for patients ingesting oral contraceptives 
was deemed unreliable because ethinyl estradiol is not  
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Fig. 1. Fifty-five premenopausal patients who had vaginal pH 
determinations and vaginal cultures to confirm relationship of 
vaginal pH to bacterial pathogens. CI, Confidence interval. 

measured by this assay; therefore these patients are 

separately reported.  
Statistical analysis was performed by use of the com- 

puter  program Statistical Package for Social Sciences 
(SPSS, Chicago). Treated and untreated groups were 
compared for variables with t tests and analysis of vari- 
ance with Duncan multiple comparisons. Paired t tests 
were used to compare the difference in means resulting 
from initiation or change of estrogen therapy. 

Predictive value tables were generated by standard 
techniques. 16 Two issues are involved in the assessment 
of any diagnostic test: disease present  or absent and 
diagnostic test result positive or negative (Table I). It is 
customary to define certain rates as applied to data 
categorized in this manner.  The predictive value of a 
positive or negative test result is defined as the number  of 
true-positive or true-negative tests divided by all positive 
or negative tests, respectively. False-positive or false- 
negative rates are calculated by subtracting the respective 
predictive value of positive or negative test results from 
100%. The sensitivity of a test is defined as the number  of  
true-positive test results divided by all who had the 
disease or  condition. The specificity of a test is defined as 
the number  of true negative test results divided by all 
who did not  have the disease or condition. The efficiency 
of a test result is defined as the sum of all true-positive 
and true-negative results dMded  by all who had the test. 

Results 

Of 55 premenopausal  patients who had vaginal cul- 
tures, 13 cultures grew normal flora and 9 yeast. Ten 
cultures grew [3-hemolytic streptococci, 11 G. vaginalis, 
and 12 mixed aerobic pathogens. The results of pH 

testing in each of these subgroups is depicted in Fig. 1. 
The mean pH of three subgroups with growth of aerobic 
bacterial organisms was significantly higher than that 
obtained in patients with either normal flora or yeast 
infection (one-way analysis of variance, p < 0.05). There 
was no significant difference in the vaginal pH among 
the three subgroups with bacterial pathogens, and there 
was no significant difference between the pH in patients 
with yeast infection and those with normal flora. All 42 
patients with positive culture results were asymptomatic. 
Thirteen of these patients re turned after appropriate  
antibiotic t reatment and all had a normal vaginal pH 
after therapy. Three of the patients had [3-hemolytic 
streptococci, 6 had G. vaginalis, and 4 had mixed aerobic 
organisms. 

When examined in the predictive value format (Table 
II), an elevated pH >4.5 was 100% sensitive, 92% spe- 
cific, and 98% efficient for the presence of  aerobic 
pathogens (excluding yeast) in premenopausal  women. 
In menopausal  women (Table III), although sensitivity 
was 100%, specificity and efficiency was low regardless of 
whether patients were receiving hormone  replacement  
therapy. The latter group had only slightly better results. 
In menopausal  women, when pH was assessed as a 
predictor  for estradiol status (Table IV), those not  receiv- 
ing hormone  replacement  therapy had a sensitivity of 
88%, a specificity of only 50%, and an efficiency of  86%, 
whereas those receiving hormone replacement  therapy 
had values of 28%, 96%, and 82%, respectively. These 
findings demonstrate a positive predictive value of 96% 
in the group with no hormone replacement  therapy and 
a negative predictive value of 84% in the group receiving 
hormone replacement  therapy. Use of  vaginal pH only 
missed identifying 4% of  those individuals who needed 
estrogen therapy (false-positive rate: 100% -96% = 4%). 
Only 16% of  those receiving hormone replacement  
therapy who had a normal vaginal pH had an estradiol 
value <40 p g / m l  (false-negative rate: 100% - 84% = 
16%). The corresponding estradiol values are shown 
(Table V) with a format similar to that of Table IV. Of the 
25 premenopausal  patients in whom estradiol levels but 
not  vaginal cultures were obtained, all had pH values 
<4.5, 3 had estradiol values <40 pg/ml ,  and the remain- 
der  had estradiol values >40 pg/ml .  Thus only a few of 
the predictive value terms could be calculated. The 
predictive value of a negative test result (pH <4.5) was 
88% and the false-negative rate was 12%. 

Table VI shows the characteristics of the 13-patient 
"couplet group" studied both before and after initiation 
or change of estrogen replacement  therapy. Serum es- 
tradiol levels increased and pH and FSH levels decreased 
significantly after initiation or change of estrogen dose. 

All eight patients using oral contraceptive pills had a 
vaginal pH <4.5, as did the 52-year-old patient using yam 
cream in spite of having an estradiol value of 19 pg /ml .  
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Table  I. Predictive value table 

Test result positive Test result negative Total 

Disease positive TP FN TP+ FN 
Disease negative FP TN FP+TN 

TOTAL TP + FP FN + TN All 

Sensitivity" = TP/(TP + FN) 
Specificity = TN/(FP + TN) 

TP, True positive; FN, false negative; FP, false positive; TN, true negative. Positive predictive value = TP/(TP + FP); False-positive 
rate = (100% - Positive predictive value); Negative predictive value = TN/(FN + TN); False-negative rate = (100% - Negative 
predictive value); Efficiency = (TP + TN)/All. 

Table  II. pH  as predic tor  for positive [£hemolytic 

streptococci,  G. vaginalis or  mixed  aerobic  organisms 

in p remenopausa l  w o m e n  

Test + Test-  
(pH >4.5) (pH <--4.5) 

Disease + 33 0 
Disease - 1 12 

TOTAL 34 12 

Total 

33 Sensitivity = 100% 
13 Specificity = 92% 

46 

+, Positive; - ,  negative. Positive predictive value 97%, false- 
positive rate 3%, negative predictive value 100%, false-negative 
rate 0%, efficiency 98%. 

Comment 

Faro 5 has stated that  in assessing the status of  the 

vaginal ecosystem the hydrogen  ion concent ra t ion  (pH) 

of  the vagina is perhaps  the most  significant predic tor  of  

its status and that  "three simple p r o c e d u r e s  can be 

pe r fo rmed  in the office to characterize the vaginal eco- 

system: p H  determinat ion ,  whiff test and microscopic  

examina t ion  of  uns ta ined or  Gram-stained vaginal dis- 

charge.  "5 The  Amer ican  College of  Obstetricians and 

Gynecologists Technica l  Bulletin on vaginitis states that  

three  of  the following four  criteria are n e e d e d  for the 

diagnosis o f  bacterial  vaginosis: p H  >4.5, clue cells, 

positive potassium hydroxide,  and h o m o g e n e o u s  dis- 

charge.  1 Platz-Christensen et al. 17 have stated: "the occur- 

rence  of  d u e  cells and an increased p H  of  the vaginal 

f luid were uti l ized as indications of  BV. ''17 

The  clinical consequences  o f  an elevated vaginal pH  

have been  recently amplified. Hil l ier  et al. 6 r epor t ed  that 

bacterial  wtginosis is associated with p re t e rm delivery of  

low-birth-weight infants, i n d e p e n d e n t  of  o the r  recog- 

n ized risk factors. W o m e n  with a vaginal pH  >4.5 and a 

Gram stain score ->7 on a scale of  0 to 10 were consid- 

e red  to have bacterial  vaginosis. Ernest  et al. 18 repor ted  

that among; 115 w o m e n  at h igh  risk for a low-birth-weight 

infant  those with a m e a n  vaginal p H  >4.5 had a three- 

fold increased risk of  p rema tu re  rup ture  of  the mem-  

branes compared  with those with a m e a n  p H  -----4.5. These 

articles, a long with a study by Krohn et al. 7 and the 

cur ren t  Amer ican  College o f  Obstetricians and Gynecol- 

ogists Technica l  Bulletin x on vaginitis, all stress the 

pivotal impor tance  of  the vaginal p H  level for the diag- 

nosis o f  bacterial  vaginosis. 

Table  III. p H  as a predic tor  for positive [3-hemolytic 

streptococci,  G. vaginalis, or mixed  aerobic  organisms 

in menopausa l  women  

Test + Test-  
(pH > 4.5) (pH <- 4.5) 7btal 

No HRT* 
Disease + 3 
Disease - 5 

TOTAL 8 

With HRT t 
Disease + 7 
Disease - 4 

TOTAL 11 

0 3 Sensitivity 100% 
2 7 Specificity 29% 

2 10 

0 7 Sensitivity 100% 
2 6 Specificity 33% 

2 13 

+, Positive; - ,  negative; HRT, hormone replacement therapy. 
* Positive predictive value 38%, false-positive rate 62%, nega- 

tive predictive value 100%, false-negative rate 0%, efficiency 
50%. 

j- Positive predictive value 64%, false-positive rate 36%, nega- 
tive predictive value 100%, false-negative rate 0%, efficiency 
69%. 

This study supports the fact that recover ing potentially 

pathogenic  bacteria f rom the vagina results in an ele- 
vated vaginal p H  (5.0 to 6.5). 1' 2, s, 7, 18 In menopausa l  

women  two factors may inf luence vaginal pH, meno-  

pausal status and the presence  of  potentially pa thogenic  

organisms. There  were too few patients in whom cultures 

were obta ined  to adjust for estradiol status and culture 

results. There fo re  it is not  surprising that the false- 

positive rates were high, especially in those patients no t  

receiving h o r m o n e  rep lacement  therapy; however, the 

false-negative rates were 0% in both groups, demonstrat-  

ing that vaginal pH  is still useful. The  observation that 

the presence  of  G. vaginalis precedes  the deve lopment  of  

bacterial vaginosis warrants considerat ion of  its treat- 

m e n t  even in asymptomatic individuals. I f  G. vaginalis 

were eradicated,  perhaps the numbers  of  individuals who 

have bacterial vaginosis and its associated disorders could 

be reduced.  For this reason alone vaginal pH  should 

become  a rout ine  test dur ing most  speculum examina- 
tions. 

The  patients s tudied varied widely in their  need  for 

estrogen. Some menopausa l  patients main ta ined  a vagi- 

nal pH  of  4.5 and a normal  serum estradiol level while 
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Table IV. p H  as p r e d i c t o r  for  es t radiol  status in m e n o p a u s a l  w o m e n  

Test + (pH >4.5) Test - (pH <--4.5) Total 

No HRT* 
Disease + (E 2 <40 pg/ml)  53 7 60 Sensitivity 88% 
Disease - (E  2 >-40 pg/ml)  2 2 4 Specificity 50% 

TOTAL 55 9 64 

On HRT t 
Disease + (E  2 <40 pg/ml)  5 13 18 Sensitivity 28% 
Disease - (E 2 >-40 pg/ml)  3 67 70 Specificity 96% 

TOTAL 8 80 88 

+, Positive; - ,  negative; HRT, hormone replacement therapy;/£2, estradiol. 
* Positive predictive value 96%, false-positive rate 4%, negative predictive value 22%, false-negative rate 78%, efficiency 86%. 
t Positive predictive value 63%, false-positive rate 27%, negative predictive value 84%, false-negative rate 16%, efficiency 82%. 

Table V. M e a n  es t radiol  + SEM values c o r r e s p o n d i n g  to subsets of  da ta  shown in Table  IV 

Test + (pH > 4.5) Tes t -  (pH <-- 4.5) 

No HRT 
Disease + (E  2 <40 pg/ml)  13.9 -+ 1.0 18.6 4- 3.3 
Disease - (E  2 >-40 pg/ml)  51.5 4- 11.5 61.0 4- 15.0 

HRT 
Disease + (E  2 <40 pg/ml)  19.2 4- 5.1 24.8 + 2.6 
Disease - (E 2 >--40 pg/ml)  56.0 4- 7.5 135.3 + 12.8 

+, Positive; - ,  negative; HRT, hormone replacement therapy; E2, estradiol. 

Table VI. C o u p l e t  data:  C h a n g e s  in pH,  FSH, a n d  es t radiol  in  pa t i en t s  with  s tar t  or  c h a n g e  of  the rapy  

Pretherapy (mean +- SEM) Therapy (mean +- SEM) Significance 

No therapy to on HRT (n = 6) 
pH 6.0 -+ 0.3 4.7 -+ 0.2 p = 0.021 
FSH (mlU/ml) 72.2 +- 12.8 30.9 -+ 5.5 p = 0.012 
Estradiol (pg/ml) 16.0 +- 3.5 137.8 +- 45.5 p = 0.036 

On therapy to increase in HRT (n = 6)* 
pH 4.9 -+ 0.2 4.5 + 0.0 p = 0.093 
FSH (mlU/ml) 50.8 4- 10.2 28.7 4- 6.3 p = 0:004 
Estradiol (pg/ml) 46.2 + 10.0 t31.2 4- 23.0 p = 0.021 

HRT, Hormone replacement therapy. 
* One patient had reduction in dosage because of symptoms and was excluded from this analysis. 

taking es t radiol  0.5 m g  o n  Monday,  Wednesday ,  a n d  

Friday each  week. How of t en  have we h a d  pa t ien t s  b l e e d  

i r regular ly  or  have b reas t  t enderness ,  c ramps,  or  geni ta l  

swelling while  tak ing  es t rogen  r e p l a c e m e n t  the rapy  daily 

or  cyclicly a n d  b e c o m e  n o n c o m p l i a n t  as a result? 

W o u l d n ' t  i t  be  b e t t e r  to e n c o u r a g e  w o m e n ' s  h e a l t h  care 

p rac t i t ioners  to p rov ide  e s t rogen  r e p l a c e m e n t  t he rapy  in 

such  a way as to discover  which  dose is ideal  for  e ach  

pa t ien t?  In  a re t rospec t ive  s tudy o f  301 p o s t m e n o p a u s a l  

w o m e n  who  were p re sc r ibed  var ious  fo rms  of  e s t rogen  

r e p l a c e m e n t  the rapy  a n d  a s imilar  n u m b e r  of  u n t r e a t e d  

con t ro l  subjects,  Ravnikar  19 r e p o r t e d  tha t  the  overall  ra te  

of  c o m p l i a n c e  was only 30%. 

Pat ients  d u r i n g  s e rum est radiol  t rans i t ion  or  m e n o -  

pause  a n d  pa t ien t s  w ho  have b e c o m e  n o n c o m p l i a n t  as a 

resu l t  of  side effects cou ld  do  self-testing for  vaginal  pH.  

This  cou ld  b e c o m e  as r ou t i ne  as self-testing of  u r i n e  a n d  

b l o o d  for  diabetes ,  b reas t  se l f -examinat ions ,  or  self- 

tes t ing of  b l o o d  pressure  for  hyper t ens ion .  T h e  goal  is to 

achieve pa t i en t  c o o p e r a t i o n  a n d  compl iance ,  resu l t ing  in 

a vaginal  p H  of  4.5, with  re l ief  of  m e n o p a u s a l  symptoms 

a n d  side effects. 

Wi th  an  increase  in the  n u m b e r  of  m e n o p a u s a l  

w o m e n ,  the  n e e d  for  es t rogen  r e p l a c e m e n t  the rapy  will 

escalate. Wi th  this increase  comes  the  n e e d  to b e t t e r  

m a n a g e  e s t rogen  r e p l a c e m e n t  therapy.  In  spite of  b e t t e r  

u n d e r s t a n d i n g  of  m e n o p a u s e ,  m a n y  physicians have a 

"one  size fits all" a t t i tude  toward es t rogen  dosing,  us ing  

0.625 m g  of  c o n j u g a t e d  es t rogens  (P remar in )  as a go ld  

s tandard .  Whi le  o b t a i n i n g  a vaginal  p H  on  all pat ients ,  

the  au tho r s  c o n f i r m e d  tha t  e s t rogen  d e p l e t i o n  results  in  

a vaginal  p H  of  6.0 to 7.5. As s e r u m  est radiol  increases  
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with es t rogen rep lacement ,  there  is a decrease in vaginal 
pH. n 

Vaginal p H  as a marker  for the serum estradiol level 

demands  fur ther  investigation. The  number s  of  meno-  

pausal women  in this repor t  are too small a n u m b e r  to 

draw defini te  conclusions. Should  this proposi t ion be 

validated by larger studies, a powerful  screening tool will 

have been  established. This tool could  assist the physi- 

cian or  clinical assistant in checking the vaginal estradiol 

effect and, as a result, establish p rope r  es t rogen dosing. 

In summary, a vaginal p H  of  6.0 to 7.5, in the absence 

of  potential ly pa thogenic  aerobic  bacteria,  appears to be 

a reasonable  marker  of  estradiol status for most  meno-  

pausal patients. A vaginal pH  of  5.0 to 6.5 in a well- 

es t rogenized pat ient  (p remenopausa l  or  menopausal )  

appears to be  a reasonable  marker  for the presence  of  

potentially" pa thogen ic  aerobic bacteria. Fur ther  investi- 

gations will be r equ i red  to del ineate  the appropr ia te  

algori thms for selection of  patients for cul ture and 

antibiotic therapy or  h o r m o n a l  therapy adjustments.  In 

considerat ion of  all that has been  saidi vaginal p H  testing 

appears to be that cost-effective, "low-tech" diagnostic 

tool. 
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Editors' note: This manuscr ip t  was revised after these 
discussions were presented.  

Discussion 

DR. E. PAUL K n ~  Port land,  Oregon.  Dr. Cail louette 
offers us today the intr iguing and to me novel  idea  that 
vaginal pH  could  be used as a cheap, accessible test for 
assessing the es t rogen status of  a p0stmenopausal  pat ient  
and thus a means  of  titrating the effect of  h o r m o n e  
rep lacemen t  therapy, as he  sates it, to p roduce  the 
p roper  dose for individual patients. 

The  study had two objectives: (1) to conf i rm the 
elevations of  vaginal p H  expec ted  in patients with bacte- 
rial vaginosis and (2) to examine  the relat ionship of  
serum FSH and estradiol levels to vaginal pH  in normal  
patients wi thout  bacterial vaginosis. 

Vaginal pH  was de te rmined  in 2038 patients seen in a 
solo private practice for rout ine  pelvic examinations.  A 
total of  42 patients had  d o c u m e n t e d  bacterial  vaginosis, 
a l though I am unclear  as to how these cases were 
d o c u m e n t e d  because Dr. Caillouette,  while referencing a 
variety of  sources def in ing criteria for the diagnosis of  
bacterial vaginosis, does no t  list the part icular  criteria 
used in his study o ther  than to say that  42 had cultures 
compat ible  with a diagnosis of  bacterial  vaginosis. Was a 
positive culture the cri terion? If  so, is it no t  inconsistent  
with the current  criteria, which include h o m o g e n e o u s  
discharge, p H  >4.5,  clue cells, the presence  of  amine  
odor ,  and a Gram stain score ->7. Positive cultures are 
no t  inc luded  in any of  the cur ren t  criteria lists. 

Be that as it may, the discussion o f p H  measu remen t  as 
an impor tan t  tool in our  rout ine  practice serves as a 
useful in t roduct ion  to the mea t  of  this study. A total of  
201 patients were studied, 93 un t rea ted  patients, mean  
age 54.6 -+ 14.5 years, and 108 est rogen treated, mean  
age 56.6 -+ 11.5. Higher  pH  values (mean 5.73) were 
associated with lower estradiol levels (mean 47.4 p g / m I ) .  
In 9 patients t reated sequentially there  appeared  to be a 
t rend toward a lower vaginal p H  as serum estradiol levels 
rose. 

This idea is intriguing. Dr. Cail louette does no t  give us 
any clinical data as to how symptomatic e i ther  group was 
nor  what  sort of  side effects, such as b reak through  
bleeding,  occur red  in the t reated group.  A m u c h  larger 
study will be r equ i red  to see whether  there  is any sort of  
l inear relat ionship between vaginal p H  and estradiol 
levels. If  such a relat ionship is established, how useful 
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might it be? We know that there are end-organ differ- 
ences in response to hormonal therapy, and we also 
appreciate that there are two phases to hormone replace- 
ment  therapy--initial symptom control and subsequent 
health maintenance. 

Most important, Dr. Caillouette raises the important 
concept of the proper dose. Will this test help us find the 
dose in individual patients? What do we mean by the 
proper dose? In general terms, we usually mean the 
lowest dose that is most effective and that is associated 
with the fewest side effects. We have all, in our clinical 
practices, had experience with wide individual variations 
both of menopausal symptoms and symptomatic re- 
sponse or lack of response to increasing doses. Estradiol 
levels are often used to demonstrate the adequacy of 
hormone replacement in individual cases, and if a reli- 
able relationship between vaginal pH and estradiol levels 
can be established, then Dr. Caillouette may have hit on 
a most simple device. 

More difficult is knowing what "the proper dose" 
should be for health maintenance. It has been shown 
that estradiol levels need to be maintained at 40 to 50 
pg /ml  to have a positive effect against osteoporosis, but 
no figures are available for cardiovascular disease. Wil- 
liams et al.1 demonstrated that short-term administration 
of estrogen produced an endothelium-mediated dilation 
on the coronary arteries of 13 cynomolgus monkeys at 
levels of 300 pg/ml.  But this was an acute animal model 
demonstrating the mechanism of effect of estrogen but 
giving no guidance as to the optimal levels to be sought 
in the chronic replacement. 

Finally, the frustrations that occur with side effects 
such as breakthrough bleeding could be minimized if a 
relationship between estradiol levels and side effects 
could be established. To my knowledge, such a relation- 
ship has not been demonstrated except in the broadest 
terms; however, a study comparing vaginal pH and 
specific side effects could easily be done. 

I have already asked these questions. (1) A much 
larger study will be required to see whether there is any 
sort of linear relationship between vaginal pH and; estra- 
diol levels. If such a relationship is established, how 
useful might it be? (2) Most important, Dr. Caillouette 
raises the important concept of the proper dose. Will this 
test help us find the dose in individual patients? (3) 
Where does his vision take him next? I would welcome 
his opinion as to what studies should be planned to 
pursue this idea to the point of clinical applicability. 
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DR. i V I I ~  T. MEDcnni, Phoenix, Arizona. In women 
who have an elevated pH, even if they are asymptomatic, 
will it be necessary to identify whether they have bacterial 
vaginosis, adding more cost to the workup, to find out 
what the appropriate dose for hormone replacement 
therapy might be in these women? 

DR. ]~ITIN L. Scnw~mTZ, Portland, Oregon. I have a 
concern with the use of Nitrazine paper to adjust the 
estrogen dose when the desired value is at one end of the 
test scale. If a pH of 4.5 is ideal, Nitrazine paper can 
indicate by an elevated pH that the patient may be 
estrogen deficient. However, if the pH is normal, we may 
have an excessive dose of estrogen and cannot tell it by 
the test used. Unless a test of pH that will go below 4.5 is 
used, Nitrazine paper to monitor systemic estrogen levels 
will have limitations. 

Da. E ~ Q ~  C.M, DECas~o, Portland, Oregon. If I 
understood you correctly, you mentioned that you found 
[~-hemolytic streptococci in almost the same number  of 
patients that you found vaginosis or gardnerella. Many 
patients are asymptomatic and, yet, have gardnerella. I 
wonder if the added streptococci is a factor in causing 
symptoms of vaginosis? How significant is finding [3-he- 
molytic streptococci in these patients? 

DR. SuBm RoY, Los Angeles, California. I was at a 
conference recently in New Orleans that had a section 
on bacterial vaginosis, and two of the speakers, Drs. Jack 
Sobel from Detroit and Sharon Hillier from Pittsburgh, 
mentioned but  gave no exact information as to the 
relationship between bacterial vaginosis and pH as a 
screening tool. In part, Dr. Caillouette's study addresses 
that issue. The other fact raised in the New Orleans 
meeting was that bacterial vaginosis is the wrong term: 
it should be vaginal bacteriosis. As Sharon Hillier said, 
it was interesting to consider that all these bacteria had 
vaginosis! Should the descriptive phrase be kept or 
changed? 

DR. FRANK R. GAMBERDELLA, Santa Barbara, California. 
In terms of vaginal pH, did you notice any correlation in 
postmenopausal patients who used equine estrogen ver- 
sus [3-estradiol? Second, could you comment on the use 
of estrogen creams in treating patients with recurrent 
infections? 

DR. CAIU~OUErrE (Closing). Dr. Kirk, because the liter- 
ature is inconsistent on this subject, both as to definition 
and diagnosis, my study does interchange the terms 
vaginitis and vaginosis. Because the use of the term 
bacterial is consistent, I chose to use bacterial cultures. 
The  new polymerase chain reaction test kit states "for 
bacterial vaginitis/BV." Clinicians remain confused. 
Most do not use potassium hydroxide, look for clue cells, 
or check vaginal pH. 

To answer the first question, I have been told that a 
larger study on the relationship of vaginal pH to serum 
estradiol levels is being planned.  If the relationship 
shown in my study is confirmed by larger studies, this 
simple cost-effective tool could have a positive effect on 
the stated 30% compliance rate for estrogen replace- 
men t  therapy. 

As for the second question, it is my hope that the 
larger studies will confirm my proposition that estrogen 
dose is as patient specific as are other endocrine replace- 
ment  medications. 

To answer the third and final question, I hope that this 
preliminary study will stimulate others to publish much 
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larger, well-controlled studies to challenge or confirm 
the propositions that this article has put forth. For 
example, are serum estradiol levels patient specific, or 
species specific, as they relate to the prevention of 
osteoporosis, cardiovascular disorders, or Alzheimer's 
disease? The use of 38 different combinations and doses 
of estrogen or hormone replacement therapy was neces- 
sary to address patient preference, compliance, and side 
effects. By doing self-testing for estradiol levels through 
the simple, cost-effective use of vaginal pH, patient 
compliance may be improved. 

Dr. Mitchell, an elevated vaginal pH in my office causes 
me to consider bacterial vaginitis, bacterial vaginosis, or 
estradiol deficiency. My mental checklist includes the fol- 
lowing: Is the patient pregnant, ovulatory, menopausal, or 
receiving insufficient or no estrogen replacement therapy? 

Dr. Schwartz, you are correct. The lowest pH level 
for phenaphthazine  pH testing paper (4.5) is not  low 
enough.  The pH paper should test from 3.0 to 7.0. 
Some patients have a vaginal pH of 3.5, which might 
suggest estradiol excess. A study to address this issue 
would be helpful. 

Dr. deCastro, as to the significance of [3-hemolytic 
streptococci and gardnerella and as to whether these 
findings should be treated, I fall back on my understand- 

ing of normal and pathologic vaginal physiologic fea- 
tures. A normal vaginal ecosystem has a predominance of 
Lactobacillus acid@hilus, which produces lactic acid and 
hydrogen peroxide resulting in the normal vaginal pH of 
4.5. If this normal ecosystem is upset by pathogenic 
bacteria, which can be eliminated by a common antibi- 
otic, then I choose to treat and help the ecosystem return 
to its normal state. 

Dr. Roy, as to whether the term bacterial vaginosis 
should be changed for the sixth time since 1955, if it 
should be changed again, it should not be changed by 
physicians or bacteriologists but rather by etymologists. I 
agree with Dr, Hilliar that the term bacterial vaginosis 
suggests that the bacteria have vaginosis. However, to 
change the term to "vaginal bacteriosis" would result in 
total confusion for physicians, and the subject seems 
sufficiently confused. I would choose to leave it alone. 

Dr. Gamberdella, I regularly use conjugated equine 
estrogens, estradiol, estropipate, and estrogen vaginal 
cream. Each of these medications will increase serum 
estradiol and each will lower vaginal pH. In my experi- 
ence estradiol and estropipate have a shorter half-life 
and are easier to adjust than conjugated estrogens. I have 
no data on the use of estrogen creams in treating 
patients with recurrent vaginal infections. 
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