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Abstract

PURPOSE—Previous studies have demonstrated lower prostate-specific antigen (PSA) 

concentrations in men with type 2 diabetes (T2DM), paralleling the reported lower prevalence of 

prostate cancer among diabetic men. Data on PSA in men with type 1 diabetes (T1DM), in whom 

insulin and obesity profiles differ from those in T2DM, are lacking. The objective of this study 

was to examine the relationship between long-term glycemic control and PSA in men with T1DM.

MATERIALS & METHODS—Total PSA was measured at one time in 639 men in the 

Epidemiology of Diabetes Interventions and Complications (EDIC) study, the observational 

follow up of participants in the Diabetes Control and Complications Trial (DCCT). The 

relationship between DCCT/EDIC weighted mean HbA1c and log PSA was assessed using linear 

regression modeling after adjusting for age, body mass index (BMI), total testosterone, statin and 

thiazide medication use, diabetes duration, and DCCT randomization arm and cohort.

RESULTS—The subjects had a median age of 52 years, BMI of 28.4 kg/m2 and DCCT/EDIC 

time weighted HbA1c of 7.9%. Total median (interquartile range) for PSA levels was 0.64 (0.43, 

1.05). PSA levels increased significantly with age (p<0.0001) and with lower time weighted 

HbA1c (p<0.0001). Each 10% increase in HbA1c was accompanied by an 11% reduction in PSA 

(p=0.0001).
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CONCLUSIONS—PSA levels decrease as HbA1c increases in men with T1DM. This 

relationship is independent of age, BMI, androgen levels, medication use and measures of diabetes 

severity, which suggest that factors related to glycemia may be directly affecting PSA levels.
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INTRODUCTION

Prostate cancer (PCa) is the most commonly diagnosed malignancy and the second leading 

cause of cancer-related deaths among men in the United States. An estimated 238,590 new 

cases of PCa were diagnosed in 2013, with an associated mortality of 29,720 cases.1 

Although controversial,2 elevations in PSA concentrations are commonly used as an initial 

step in screening for PCa.3 PSA is a glycoprotein secreted by the prostate gland, and on 

average, men with malignancy, inflammation, or enlargement have higher total PSA 

compared to men with lesser degrees of pathology.

While studies have reported that persons with diabetes may have a higher risk of specific 

malignancies compared to adults without diabetes,4 a recent meta-analysis demonstrated that 

patients with diabetes have a statistically significant decreased risk of developing PCa.5 This 

is paralleled by the inverse relationship reported between glucose levels and PSA. 

Specifically, previous studies have demonstrated lower PSA in men with type 2 diabetes 

mellitus (T2DM) and inverse associations between poor glycemic control, as assessed by 

hemoglobin A1c (HbA1c), and PSA.6–9 There are several possible explanations why PSA 

may be lower among men with T2DM than among men without T2DM, including greater 

obesity and more frequent use of medications used to treat dyslipidemia and hypertension. 

Men with higher BMI have lower mean total PSA than men with lower BMIs,10–12 possibly 

due to hemodilution from increased plasma volume in larger men,13 or lower androgen 

levels that characterize more obese and insulin resistant adult males.14 PSA has been 

reported to decrease in response to statins, which are more commonly used among persons 

with T2DM.15–17 PSA concentrations also are lower among men who use thiazide diuretics 

to treat hypertension.16 Finally, the vascular disease that characterizes diabetes might lead to 

prostate ischemia and subsequently lower PSA, although there is no direct evidence to 

support this hypothesis.18

These reports have focused upon men with T2DM and the relationship between HbA1c and 

PSA among men with type 1 diabetes mellitus (T1DM) has not been reported but could 

inform the discussion in several ways. As opposed to men with T2DM, men with T1DM 

have elevations in glycemic levels due to beta-cell destruction and subsequent lack of insulin 

secretion; obesity and insulin resistance are less common at initial diagnosis. The prevalence 

of other cardiovascular risk factors, particularly dyslipidemia, tends to be lower in persons 

with T1DM as opposed to T2DM. Thus, examination of adult males with T1DM offers the 

opportunity to focus upon the role of hyperglycemia in PSA elevation apart from other 

potential confounders.
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The objective of this study was to examine the distribution of PSA concentrations in men 

with T1DM and the relationship between long-term glycemic control and PSA, adjusted for 

body size, androgen levels, diabetes treatment, and medication use. We hypothesized that 

poor glycemic control in T1DM may result in lower PSA.

MATERIALS & METHODS

Subjects

The DCCT randomly assigned 761 males with T1DM to intensive or conventional diabetes 

therapy, with a mean of 6.5 years of treatment during 1983–1993.19 At baseline, the 378 

primary prevention cohort males had no retinopathy or nephropathy and 1–5 years of 

diabetes. The 383 secondary intervention cohort males had mild to moderate non-

proliferative retinopathy, as much as 200 mg/day albuminuria, and 1–15 years of diabetes. 

Individuals with hypertension, symptomatic ischemic heart disease, or symptomatic 

peripheral neuropathy requiring treatment were excluded from participation in the DCCT.

Figure 1 presents the flow of participants from enrollment into the DCCT, its longitudinal 

follow up in the Epidemiology of Diabetes Intervention and Complication study (EDIC), 

and an ancillary study to examine urological complications, UroEDIC. Of the 761 men 

enrolled originally in DCCT, 639 (84%) provided serum for one-time measured PSA testing 

in 2010/11 and are included in the current study. This sample represented 96% of the males 

who were active in the study during that period. The institutional review board of each 

participating center approved the study, and the Federal Government issued a Certificate of 

Confidentiality.

DCCT Intervention and Other Therapies

Intensive therapy during the DCCT was aimed at achieving glycemic levels as close to the 

non-diabetic range as safely possible using multiple daily insulin injections or continuous 

subcutaneous insulin infusion with dose adjustments based on frequent self-monitoring of 

glucose. Conventional therapy was aimed at maintaining clinical well-being with 1–2 daily 

insulin injections with no glucose targets. At the end of DCCT, conventional group subjects 

were trained in intensive therapy and all subjects were returned to their own physicians for 

diabetes management with the recommendation to implement intensive therapy. By EDIC 

year 10, 97% of intensive and 94% of conventional group subjects reported implementing 

intensive therapy. During EDIC, the levels of HbA1c merged and have been similar in the 

two groups.20, 21

Diabetes Measurements

HbA1c was measured at baseline, quarterly during DCCT, and annually in EDIC. Therefore, 

mean HbA1c over DCCT/EDIC weighted each DCCT value by 0.25, and EDIC value by 

1.21 Peripheral neuropathy was defined during EDIC by >6 positive responses to the 

Michigan Neuropathy Screening Instrument (MNSI) or a score >2 on the examination.22 

Autonomic neuropathy was defined as: 1) R-R variation with deep breathing <15 or 2) R-R 

variation between 15–19.9 plus either a Valsalva ratio ≤1.5 or a supine-to-standing drop of 

10 mm Hg in diastolic blood pressure. Retinopathy was assessed with stereoscopic fundus 
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photography centrally graded using the Early Treatment Diabetic Retinopathy Study 

(ETDRS) scale.23 During the DCCT, albumin excretion rate (AER) was measured annually 

with timed urine collections. During EDIC, AER was measured in half of the cohort 

annually. Nephropathy was defined as microalbuminuria (AER 40–300 mg/24hr) or 

albuminuria (AER >300 mg/24hr). Statin and thiazide medication status was defined by use 

of any lipid-lowering statin, any thiazide diuretic or anti-hypertensive, respectively, at EDIC 

Year 17.

Prostatic Specific Antigen Measurements

Total serum PSA was measured at the DCCT/EDIC central laboratory (University of 

Minnesota) with the Advia Centaur PSA assay, a two-site sandwich immunoassay using 

direct chemiluminometric technology, which uses constant amounts of two antibodies 

(Bayer Diagnostics, Tarrytown, New York). The limit of detection of the assay is 0.01 

ng/mL to 100ng/mL. Intra- and inter-assay coefficient of variations are 4.38% and 4.05% at 

0.44ng/mL; 2.09% and 4.67% at 1.83ng/mL; and 2.29% and 2.4% at 17.71ng/mL.

Statistical Analyses

Descriptive analysis examined the overall distribution of demographic and clinical 

characteristics in men with PSA measurements at EDIC Year 17 using medians and 

interquartile ranges (IQR). Differences in distributions of PSA and HbA1c at EDIC Year 17 

by demographic and clinical characteristics, markers of diabetes treatment and control, and 

diabetes complications were tested using the Wilcoxon rank-sum test for two-category 

variables or the Jonchjeere-Terpstra trend test for variables with more than two categories.

PSA and HbA1c values were natural-log transformed to improve normality. Separate linear 

regression models were used to assess the relationship between time-weighted DCCT/EDIC 

log HbA1c and log PSA, stratified by attained age and current BMI. The relationships 

between time-weighted DCCT/EDIC mean HbA1c and current HbA1c and log PSA were 

also modeled using multivariable linear regressions, adjusting for attained age, continuous 

BMI, continuous total testosterone concentrations, statin and thiazide use, DCCT intensive 

vs. standard therapy, DCCT primary prevention vs. secondary intervention cohort, duration 

of diabetes, follow-up interval length, and eligibility HbA1c. The percent change in PSA per 

10% increase in both current and time-weighted HbA1c were reported using the following 

equation: 100[1.1β-1]. Effects significant at p<0.05 are cited. All analyses were performed 

using SAS 9.3 (SAS Institute, Cary, NC).

RESULTS

Overall, the 639 DCCT/EDIC male subjects had a median age of 52 years, median BMI of 

28.4 kg/m2 and weighted median HbA1c 7.9%. Median (IQR) PSA was 0.64 (0.43, 1.05) 

ng/mL. Table 1 presents the demographic and clinical characteristics of participants at EDIC 

year 17.

Median PSA concentrations and HbA1c levels were examined by demographic and clinical 

characteristics at EDIC Year 17. (Table 2) Median PSA increased significantly with age 

(p<0.001) and decreased with elevated current (p=0.005) as well as time-weighted (p<0.001) 
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mean HbA1c. Lower PSA concentrations were observed among men with retinopathy and 

evidence of nephropathy. No significant differences in PSA were observed by total 

testosterone, BMI, DCCT treatment arm, DCCT cohort or presence of neuropathy. Median 

HbA1c levels decreased significantly with age (p=0.01). Men who were obese tended to 

have higher median HbA1c (7.8%) compared to their overweight (7.6%) and normal BMI 

(7.5%) counterparts (p=0.05). Men with low testosterone (TT<300 ng/dL) and those with 

diabetes complications had significantly higher HbA1c compared to those with normal 

testosterone and no complications.

Two separate linear regression models stratified by attained age and current BMI, 

respectively, revealed inverse relationships between time-weighted HbA1c and PSA. (Figure 

2) These relationships were not affected by age or BMI (p-value for interaction 0.8 and 0.9, 

respectively). Mean PSA decreased by increasing quartiles of both time weighted and 

current HbA1c levels after adjustment for age, BMI, total testosterone, statin and thiazide 

use, DCCT treatment group, DCCT cohort assignment, duration of diabetes, follow-up 

interval length, and eligibility HbA1c. (Figure 3) Multivariable regression analysis 

demonstrated an 11% decrease in PSA per 10% increase (e.g. from 7% to 7.7%) in time-

weighted HbA1c (p=0.0001) after adjustment for all covariates listed above. (Table 3) A 

separate multivariable regression model examining current HbA1c levels revealed a 9% 

(p=0.04) decrease in PSA per 10% increase in current HbA1c demonstrating a stronger 

association with long-term glycemic control compared to contemporaneous HbA1c.

DISCUSSION

We observed a significant inverse relationship between HbA1c levels and PSA 

concentrations in men with T1DM who were enrolled in a long-term observational follow-

up of a clinical trial designed to evaluate the impact of intensive vs. conventional diabetes 

therapy. The association was independent of age, BMI, testosterone concentrations, thiazide 

medication use and DCCT treatment and cohort, suggesting that glycemia itself may be 

affecting PSA.

Our findings that PSA concentrations were associated with elevated HbA1c levels are 

consistent with previous reports suggesting that PSA concentrations are lower in men with 

T2DM than in men without diabetes. Using the National Health and Nutrition Examination 

Survey, Werny and colleagues found 22% lower average serum PSA among men with 

T2DM after accounting for age.24 These findings were replicated by Fukui et al., who 

observed 10%–16% lower average PSA among Japanese men with T2DM, aged 50–79 

years.25 In a population-based longitudinal cohort study, Wallner et al. demonstrated that 

men with diabetes had slower increases in PSA over time, which may account for the lower 

PSA observed in men with diabetes in cross-sectional studies.26 These studies were all 

focused on men with T2DM, were limited in their cross-sectional design or did not examine 

the effects of glycemic control independent of body size, medication use or androgen levels.

Our findings are also consistent with those studies in men with T2DM specifically 

examining glycemic control. Müller et al found men with HbA1c of 6.1–6.9% and ≥7% had 

15% (p=0.004) and 29% (p=0.003) lower serum PSA compared to men with normal HbA1c 
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(<6.1%).6 In a cross-sectional sample of the Southern Community Cohort Study aged 40–78 

years, Fowke et al. reported decreasing mean PSA with increasing HbA1c quartiles 

(ptrend=0.005) among Caucasian men.7 In contrast to these cross-sectional studies and our 

current report, longitudinal observations in a Japanese hospital cohort found increases in 

HbA1c and PSA to be concordant (5.7% increase per 1-unit HbA1c change, p<0.001).27 

However, when the data were analyzed in a cross-sectional manner, the authors reported 

small non-significant inverse relationships between HbA1c and PSA. Furthermore, this 

investigation was limited to a one-year follow-up whereas our report examines the effect of 

23 years of mean HbA1c levels on PSA in men with T1DM. While our study demonstrated a 

significant effect of current HbA1c on PSA, long-term glycemic control as assessed by 23-

year time-weighted HbA1c had greater impact.

Several explanations why PSA may be reduced with poor glycemic control have been 

described above. Despite previous reports of the effect of BMI and androgen levels on PSA, 

in our report, while we observed median PSA to be lower in obese men and men with low 

testosterone, these findings were not statistically significant. Further, the reduction in PSA 

with elevated HbA1c was independent of total testosterone and BMI possibly due to the 

relatively younger age of the cohort and the narrower distribution of androgen 

concentrations and their effect on obesity. Additionally, medication use may be a proxy for 

diabetes severity and correlated with reduced PSA.15–17 We found no significant impact, 

however, of duration of diabetes, diabetes complications or these medications on PSA 

independent of HbA1c. Thus, while the mechanisms for linking HbA1c to PSA require 

further investigation, the observed inverse relationships in this study are generally consistent 

with the previously reported complex interactions between adiposity, androgen levels and 

insulin sensitivity.

It is unclear whether decreased PSA observed in diabetic men relative to non-diabetic men 

accurately reflect a decreased risk of PCa in the diabetic population observed in previous 

studies.28 If smaller increases in PSA among men with diabetes results in less detection of 

PCa among asymptomatic cases, it might suggest a detection bias among men with diabetes, 

similar to that thought to exist among obese men due to their lower PSA as a result of 

hemodilution.29 While the younger age and lower PSA values in our cohort do not represent 

the average population amenable to screening, the potential impact of diabetes on PCa 

detection warrants further investigation.

This was the largest study to investigate PSA in a T1DM population to date. The long 

duration of follow-up allowed for exploration of long-term glycemic control and its impact 

on PSA. However, there are a number of limitations. While the cohort has been followed for 

many years, participants are relatively young and clinical relevance of PSA assessment in 

men under the age of 50 is questionable. This cohort consisted of predominantly Caucasian 

men. Given reported variations in PSA and diabetes related conditions in African-

Americans, we are limited in our ability to generalize these findings to other racial groups. 

Further, this cohort may not accurately reflect the general population of middle-aged men 

with T1DM. DCCT/EDIC participants are a highly motivated group of individuals who have 

been followed for many years with a goal of tight diabetes control. There was not a control 

arm of men without diabetes, thus this study does not allow for a true comparative analysis. 
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Finally, prostate volume was not measured and limits our ability to determine the impact of 

prostatic growth. As few participants had PSA levels in the range sufficient for referral to 

biopsy (n=12 men had PSA≥4.0), we were unable to evaluate the clinical significance of 

PSA suppression on PCa detection.

CONCLUSIONS

Our results suggest that PSA concentrations decrease as overall HbA1c increases in men 

with T1DM. This relationship is independent of BMI, age, testosterone concentrations, and 

diabetes medications, which suggest that factors directly related to glycemia may be 

affecting PSA. It is possible that the presence of poorly controlled T1DM may lead to fewer 

prostate cancers being detected owing to the reduction in PSA. As the controversy 

surrounding PSA screening continues and guidelines are revised for PCa, it may be prudent 

to consider the presence of diabetes and its severity and control.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Flow of Male Participants in UroEDIC
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Figure 2. 
Time-weighted DCCT/EDIC HbA1c Levels and Serum PSA Concentrations at EDIC Year 

17 by Attained Age and Current BMI Status
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Figure 3. 
Adjusted* Mean PSA Concentrations by Time-Weighted and Current Hemoglobin A1c 

Levels**

* Mean PSA concentrations adjusted for attained age, BMI status, total testosterone 

concentrations, thiazide use, DCCT treatment group, and DCCT cohort assignment.

** Time-weighted DCCT/EDIC HbA1c reference HbA1c<7.25%, Current HbA1c reference 

HbA1c<7.00%
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Table 2

Serum PSA Concentrations and HbA1c Levels by Sociodemographic, Clinical and Diabetes Characteristics in 

Men at EDIC Year 17 in the UroEDIC II Study

Characteristics
Year 17 EDIC (2010)

UroEDIC II PSA and HbA1c Levels (n=639)

PSA p-value* HbA1c p-value*

Sociodemographic/Clinical Median (Interquartile Range)

Attained age (yr)

   Q1 ≤47 0.55 (0.38–0.73) <0.0001 7.90 (7.00–8.90) 0.01

   Q2 48–52 0.63 (0.43–1.01) 7.60 (7.20–8.40)

   Q3 53–57 0.66 (0.45–1.17) 7.70 (7.00–8.30)

   Q4 >57 0.90 (0.49–1.41) 7.55 (6.90–8.20)

Duration of diabetes (yr)

   Q1 ≤25 0.63 (0.43–0.97) 0.4 7.80 (7.20–8.60) 0.07

   Q2 26–28 0.60 (0.43–1.10) 7.55 (6.85–8.30)

   Q3 29–33 0.65 (0.41–0.97) 7.90 (7.10–8.70)

   Q4 >33 0.69 (0.45–1.11) 7.50 (7.00–8.20)

BMI category

    Normal BMI<25 0.67 (0.43–0.95) 0.3 7.50 (6.90–8.40) 0.05

    Overweight BMI 25–30 0.68 (0.44–1.08) 7.60 (7.00–8.40)

    Obese BMI≥30 0.58 (0.42–1.06) 7.80 (7.10–8.60)

BMI change since DCCT baseline (kg/m2)

   Q1 ≤2.54 0.61 (0.37–0.95) 0.9 7.80 (7.10–8.50) 0.9

   Q2 2.55–4.86 0.71 (0.50–1.11) 7.50 (6.95–8.30)

   Q3 4.87–7.18 0.60 (0.44–1.07) 7.80 (7.10–8.50)

   Q4 >7.18 0.60 (0.41–1.06) 7.70 (6.90–8.60)

Total Testosterone

   Low (TT<300ng/dL) 0.58 (0.42–0.82) 0.1 8.00 (7.30–9.10) 0.02

   Normal (TT≥300ng/dL) 0.65 (0.43–1.06) 7.60 (7.00–8.40)

Medication

Statin use

   Yes 0.63 (0.43–1.07) 0.4 7.70 (7.00–8.40) 0.4

   No 0.65 (0.42–0.96) 7.80 (7.00–8.60)

Thiazide Use

   Yes 0.69 (0.53–1.09) 0.2 7.55 (6.95–8.50) 0.7

   No 0.62 (0.42–1.05) 7.70 (7.00–8.40)

Diabetes Treatment and Control

DCCT treatment arm

   Intensive 0.65 (0.43–1.09) 0.6 7.70 (7.00–8.60) 0.5

   Standard 0.63 (0.42–1.00) 7.60 (7.00–8.40)

DCCT cohort assignment

   Primary Prevention 0.61 (0.41–1.03) 0.3 7.70 (7.10–8.40) 0.3
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Characteristics
Year 17 EDIC (2010)

UroEDIC II PSA and HbA1c Levels (n=639)

PSA p-value* HbA1c p-value*

   Secondary Intervention 0.66 (0.45–1.06) 7.60 (7.00–8.40)

Current HbA1c Mean (%)

   Q1 ≤7.00 0.66 (0.48–1.13) 0.004 ---

   Q2 7.01–7.70 0.67 (0.42–1.14) ---

   Q3 7.71–8.40 0.71 (0.45–1.10) ---

   Q4 >8.40 0.56 (0.38–0.77) ---

Time-weighted DCCT/EDIC HbA1c Mean (%)

   Q1 ≤7.25 0.75 (0.47–1.25) <0.0001 ---

   Q2 7.26–7.85 0.66 (0.47–1.10) ---

   Q3 7.86–8.57 0.65 (0.46–1.05) ---

   Q4 >8.57 0.54 (0.35–0.77) ---

Insulin Dose (u/kg/day)

   Q1 ≤0.55 0.62 (0.46–0.99) 0.6 7.70 (6.95–8.35) 0.02

   Q2 0.56–0.69 0.65 (0.43–1.23) 7.60 (7.00–8.30)

   Q3 0.70–0.90 0.61 (0.43–0.97) 7.60 (7.00–8.40)

   Q4 >0.90 0.66 (0.41–1.05) 7.90 (7.20–9.00)

Diabetes Complications

Retinopathy‡

   Non Proliferative or None 0.65 (0.43–1.10) 0.03 7.60 (6.90–8.30) <0.0001

   Proliferative 0.58 (0.41–0.87) 8.20 (7.40–9.00)

Nephropathy£

   None (AER<40) 0.65 (0.43–1.06) 0.5 7.60 (7.00–8.30) <0.0001

   Microalbuminuria(40≤AER<300) 0.64 (0.43–1.11) 8.15 (7.40–9.00)

   Albuminuria (AER≥300) 0.60 (0.41–0.77) 8.35 (7.50–9.60)

Sustained AER≥30

   No 0.65 (0.43–1.11) 0.06 7.60 (7.00–8.30) <0.0001

   Yes 0.60 (0.39–0.93) 8.30 (7.50–9.10)

eGFR<60

   No 0.63 (0.43–1.05) 0.1 7.60 (7.00–8.30) 0.3

   Yes 0.80 (0.53–1.22) 7.80 (7.10–8.70)

Peripheral Neuropathy§

   No 0.65 (0.45–1.10) 0.1 7.60 (6.95–8.40) 0.005

   Yes 0.61 (0.41–1.03) 7.80 (7.20–8.70)

Autonomic Neuropathy¶

   No 0.66 (0.44–1.06) 0.09 7.70 (7.00–8.40) 0.003

   Yes 0.59 (0.37–1.03) 7.90 (6.80–9.30)

*
p-values based on the Wilcoxon rank-sum or Jonckheere-Terpstra trend test.

‡
Defined through EDIC year 14 using the Early Treatment Diabetic Retinopathy Study on a scale of 0–23 (<12 Non Proliferative or None, ≥12 

Proliferative).
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£
Albumin Excretion Rate (mg/24hr) at EDIC years 15/16.

§
Defined at EDIC year 17 by the Michigan Neuropathy Screening Instrument >6 responses on the questionnaire or a score of >2 on the exam.

¶ 
Autonomic testing completed in EDIC year 16/17 and abnormal finding defined as R-R variation<15 or RR variation 15–20 in combination with 

Valsalva Ratio ≤1.5 or a decrease of >10 mmHg in diastolic BP.
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