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Abstract
Aims/hypothesis This study aimed to investigate whether
variation in long-term glycaemia in type 1 diabetes as mea-
sured by HbA1c variability is associated with the cumulative
incidence and risk of retinopathy requiring laser treatment.
Methods The effect of HbA1c variability was assessed in
2,019 Finnish Diabetic Nephropathy (FinnDiane) study
patients. The patients were studied in two partially over-
lapping subcohorts with either verified first laser treatment
(n=1,459) or retinopathy severity graded from ophthalmic
records with the Early Treatment of Diabetic Retinopathy
Study (ETDRS) scale (n=1,346). The ratio of intrapersonal
SD and mean of serially measured HbA1c was considered an
estimate of HbA1c variability.

Results A subcohort of 1,459 patients did not have laser
treatment prior to the first FinnDiane visit and 174 of these
patients were treated during a mean follow-up period of 5.2
±2.2 years. The 5 year cumulative incidence of laser treat-
ment was 19% (95% CI 15, 24) in the highest quartile of
HbA1c variability and 10% (95% CI 7, 12) in the lowest
quartile (p<0.001, Gray’s test) with a corresponding HR of
1.6 (95% CI 1.1, 2.5; p=0.02) adjusted for renal status,
diabetes duration, mean HbA1c, blood pressure, sex and
number of HbA1c measurements. In a subcohort of 1,346
patients, 434 patients had proliferative diabetic retinopathy
(PDR). Patients in the highest quartile of HbA1c variability
had an increased risk of PDR compared with the lowest
quartile (HR 1.7 [95% CI 1.3, 2.2]; p<0.001]).
Conclusions/interpretation HbA1c variability was associat-
ed with an increased cumulative incidence and risk of reti-
nopathy requiring laser treatment in type 1 diabetes.
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Abbreviations
CRP C-reactive protein
ETDRS Early Treatment of Diabetic Retinopathy

Study
FinnDiane Finnish Diabetic Nephropathy
IQR Interquartile range
MAP Mean arterial BP
PDR Proliferative diabetic retinopathy

Introduction

After 20 years of diabetes almost all patients with type 1
diabetes show signs of retinopathy, and severe visual loss
eventually threatens 7–12% of the patients [1]. The most
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common indication for laser treatment in type 1 diabetes is
proliferative diabetic retinopathy (PDR). PDR is also the
most severe form of retinopathy; without any treatment most
of the patients with this complication are at risk for becom-
ing blind after 5–10 years [2]. The incidence of PDR rises
almost linearly after 10 years of diabetes and roughly one-
third of patients have PDR after 25 years of diabetes [3].

Important risk factors for PDR are duration of diabetes
and glycaemic control. Poor glycaemic control increases not
only the incidence but also the progression of retinopathy.
Male sex and high BP may further increase the risk for
retinopathy [1], and genetic factors are also likely to play a
role [4]. Despite identical mean HbA1c values, patients may
show a wide variation in their long-term glycaemic profile.
Data from the DCCT indicate that variability in long-term
glycaemia, defined as intrapersonal SDs of quarterly mea-
sured HbA1c, is a risk factor for a three-step progression of
retinopathy on the Early Treatment of Diabetic Retinopathy
Study (ETDRS) 12 step severity scale [5]. Whether HbA1c

variability also affects the development of proliferative ret-
inopathy and the requirement for subsequent laser treatment
is not known. We have recently shown that HbA1c variabil-
ity predicts both the development and progression of dia-
betic nephropathy [6]. Given the close relationship between
diabetic nephropathy and proliferative retinopathy, it is like-
ly that HbA1c variability is also a risk factor for PDR.

The aim of this study was to investigate whether long-
term variation in glycaemia, as measured by HbA1c vari-
ability, is associated with an increased risk of severe reti-
nopathy requiring laser treatment.

Methods

The present study was undertaken as part of the ongoing
observational Finnish Diabetic Nephropathy (FinnDiane)
study, which has, since 1997, collected comprehensive data
from patients with type 1 diabetes. Participating study
centres are diabetes and renal outpatient clinics at all five
university central hospitals, all 16 central hospitals, the
majority (n=27) of regional hospitals, and 31 major primary
healthcare centres in Finland. All adult patients with type 1
diabetes at these centres have been invited to participate and
78% have responded positively [7]. To date, the FinnDiane
study has 4,800 patients with type 1 diabetes; the geograph-
ic distribution of the patients closely follows the distribution
of the general population in Finland. All study patients gave
their written, informed consents and the study protocol is in
accordance with the Declaration of Helsinki, and was ap-
proved by the ethics committee of the Helsinki University
Central Hospital.

C-peptide-negative patients with age at onset <40 years
and insulin treatment initiated within 1 year of diagnosis

were considered to have type 1 diabetes. The proportion of
patients with C-peptide concentration <0.033 nmol/l, which
represents the detection limit of the assay (Human C-peptide
RIA Kit, Linco Research, MO, USA), was 82.3%. Patients
with age at onset >35 years were included as we have shown
that the FinnDiane patients with age at onset >35 years have
a similar distribution of risk/protective genotypes for type 1
diabetes as those patients with age at onset <20 years [8].
Data on medication, cardiovascular status, diabetic compli-
cations and hypertension were obtained using a standardised
questionnaire completed by the patient’s attending physi-
cian. Patients’ BP was measured twice in the sitting position
using a mercury sphygmomanometer after a rest of at least
10 min. Mean arterial BP (MAP) was calculated according
to the formula: MAP = diastolic BP + 1/3(systolic BP −
diastolic BP). Anthropometric data, such as height, weight
and waist and hip circumferences, were recorded, and blood
was drawn for the laboratory measurements, including
HbA1c and C-reactive protein (CRP) [9]. HbA1c was mea-
sured at the local study centres with standardised assays
(normal range 4.0–6.0%). The nationwide validity of
HbA1c measurements in Finland has previously been
reported to show a high correlation with the DCCT refer-
ence method [10]. As a normalised measure of variability,
the CV for HbA1c was calculated as the ratio of intraper-
sonal SD and mean to correct for larger SD because of
higher absolute values of HbA1c. The patients were then
divided into quartiles of HbA1c variability (CV) in both
PDR and laser-treatment subcohorts for further analyses.
The results shown in this study are based on the CV quar-
tiles for easier interpretability and comparability with our
previous publication [6].

Data on all-cause mortality were obtained until 24 March
2009 from the Population Register Centre of Finland. The
renal status was defined based on the AER in at least two out
of three consecutive overnight or 24 h urine collections.
Patients were divided by renal status into four categories:
normal AER (<20μg/min or <30 mg/24 h); microalbuminuria
(AER ≥20 and <200 μg/min or ≥30 and <300 mg/24 h); and
macroalbuminuria (AER ≥200 μg/min or ≥300 mg/24 h). In
addition, patients were considered to have end-stage renal
disease (ESRD) if they had received a kidney transplant or if
they were undergoing dialysis treatment. Diabetic nephropa-
thy (yes/no) was defined as macroalbuminuria or ESRD.

The patient data were analysed in two subcohorts with
786 overlapping patients in order to improve the statistical
power (Fig. 1). The laser-treatment subcohort consisted of
1,459 patients followed up for the occurrence of first laser
treatment. Since 2004, follow-up data have been collected in
a consecutive order for a high number of FinnDiane patients
either by re-examination of the patients or by review of the
medical files. The collection of follow-up data started from
the patients who were the first to be recruited to the
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FinnDiane study. In January 2012 the FinnDiane database
comprised 2,019 patients with follow-up data on whether
the patient had been laser treated (yes/no) as verified from
medical files by attending physician, data on year of the first
laser treatment and data on at least two HbA1c measure-
ments 1 year apart. Of the 2,019 patients, 1,459 did not have
any prior laser treatment episodes before the first FinnDiane
visit. Patients who were not included in the subcohort of
1,459 patients had either been laser treated before the first
FinnDiane visit, or the ophthalmic data and/or serial HbA1c

measurements were insufficient to construct a follow-up
period after the first FinnDiane visit. The year of the first
laser treatment was used in the statistical analysis.

The risk factors for proliferative retinopathy were further
analysed in a subcohort of 1,346/2,019 patients (PDR sub-
cohort) with detailed longitudinal ophthalmic data available
on retinopathy progression as measured on the ETDRS
scale. The patients in this subcohort were mostly those
who were the earliest to have been recruited to the
FinnDiane study. However, this subcohort also included
almost 400 patients from families with at least two diabetes
patients, some of whom may have been recruited at a later

stage [4]. We obtained fundus photographs taken for screen-
ing or documentation purposes and/or records of dilated slit-
lamp fundus examinations performed by a specialist in
ophthalmology for these 1,346 patients. Records of fundus
examinations by ophthalmologists were available for 1,076/
1,346 (80%) patients and fundus photographs were avail-
able for 1,052/1,346 (78%) of the patients. The patients had
been photographed on a median of three occasions (inter-
quartile range [IQR] 1–5) per patient. All the patients who
were not examined by ophthalmologists had had serial fun-
dus photographs. Both ophthalmic records and photographs
were available for 782/1,346 (58%) patients. All available
data were used to score the severity and progression of
retinopathy, a procedure handled by an ophthalmologist
(K. Hietala) unaware of the demographic data and the pres-
ence or absence of other complications. The ETDRS grad-
ing scale, where ten represents no retinopathy, and 61 and
upwards represents proliferative retinopathy, was used [11].
The eye with the more severe retinopathy was used to assess
severity. Laser treatment and laser scars in fundus photo-
graphs were not taken as the only evidence of PDR as severe
background retinopathy and macular oedema are also

FinnDiane database: 4,800 patients

Serial HbA1c and retinopathy data, n=2,019

First laser treatment ascertained after 
the first FinnDiane visit, but the 
specific indications for the treatment 
not recorded, n=673

Retinopathy progression graded from fundus 
photographs and ophthalmic records, and the 
first laser treatment for any indication (PDR, 
maculopathy or severe background 
retinopathy) after the first FinnDiane visit, 
n=786

Retinopathy progression graded from fundus 
photographs and ophthalmic records. First 
laser treatment for any indication (PDR, 
maculopathy or severe background 
retinopathy) before first FinnDiane visit n=560

Laser treatment
subcohort:
n=1,459
(673+786)

Overlapping
patients 
n=786

PDR
subcohort
n=1,346
(560+786)

No serial HbA1c or retinopathy data, n=2,781

Laser 
treated 
n=96

Laser treated 
n=78
(PDR= 42/78)

Not laser 
treated 
n=708

PDR 
n=392

Not 
laser 
treated 
n=577

No 
PDR 
n=168

Fig. 1 A flowchart illustrating
the structure of the laser-
treatment and PDR subcohorts
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indications for laser treatment. Because laser treatment is
considered a surgical procedure in Finland, the indications
for performing it are meticulously stated in the ophthalmic
records and could therefore be verified for each individual
treatment episode and treated eye. There were a total of 11
(IQR 7–15) laser treatment episodes per patient. Of the 434
patients with PDR 170 (39%) were initially laser treated for
indications other than PDR. Of the patients in the PDR
subcohort, 81.1% who were laser treated were eventually
diagnosed with PDR. The laser-treatment cohort is entirely
prospective, whereas the PDR cohort is mostly retrospec-
tive. The majority of the PDR diagnoses (302/434 [69.6%])
were made before the first FinnDiane visit and the highest
attained ETDRS scores for all patients in the PDR subcohort
(n=1,346) were recorded at a median of 0.3 (IQR 5.9 to
−2.9) years after the first FinnDiane visit.

Statistical analyses Except for the serial HbA1c measure-
ments, the laboratory and anthropometric measurements
taken at the first FinnDiane visit were used in all the statis-
tical analyses. Data are presented as means±SD for contin-
uous normally distributed variables, and median and IQR
for non-normally distributed variables. The 95% CIs are
given for estimates of cumulative incidences, HRs and
ORs. Differences between groups were compared with
one-way ANOVA (Tukey). Trends in normally distributed
variables were analysed with linear polynomial contrasts
(ANOVA), and trends in non-normally distributed variables
were analysed with the Jonckheere–Terpstra test.
Spearman’s ρ (rs) was used as a measure of correlation.
Cumulative incidence for the prospectively followed subco-
hort was calculated with the cumulative incidence function,
which correctly accounts for the competing risk for death,
and the differences in cumulative incidence were tested with
Gray’s test [12]. As the cumulative incidences of death in
CV quartiles were borderline different in the laser-treatment
subcohort (p=0.09, Gray’s test) and significantly different in
the PDR subcohort (p=0.05, Gray’s test), a recently pub-
lished modification of the Fine and Gray competing-risks
regression for clustered data (participating study centres)
was used to calculate the risk for laser treatment and PDR
[13]. The Fine and Gray model takes into account the
competing risk for death. The failure time for the Fine and
Gray model was calculated as the duration of diabetes from
the first FinnDiane visit to first laser treatment in the laser-
treatment subcohort and in the PDR as diabetes duration
from onset of diabetes to PDR. The effect modification (i.e.
whether the effect of a certain variable on the risk for PDR
or laser treatment varied according to the level of another
covariate) was tested for by adding corresponding interac-
tion terms to the regression models. Pairwise first- and
second-order interactions between mean HbA1c, CV and
duration of diabetes were studied. None of the interaction

terms was significant. The plotted Schoenfeld residuals did
not indicate any time-varying effects for the covariates.
Model selection was then based on Bayesian information
criteria (BIC). All statistical calculations were performed
with SPSS 15.0 (SPSS, Chicago, IL, USA), except the
cumulative incidence function, Gray’s test and Fine and
Gray regression model, for which R open source software
(www.r-project.org) was used.

Results

The intrapersonal mean of serially measured HbA1c was 8.4±
1.2% for all patients (n=2,019), with ten (IQR 3–18) measure-
ments per patient. There was a clear correlation between the
first single-measurement HbA1c and the mean of serial HbA1c

(rs 0.77; p<0.001). The male/female ratio was 995/1,024.
Mean age at onset of type 1 diabetes was 15.3±9.2 years
and mean duration of diabetes was 22.9±11.9 years.

There were a total of 1,459 patients with no previous
laser treatment and with prospective follow-up data after the
first FinnDiane visit for a period of 5.2±2.2 years. Of these
patients, 174 had had their first laser treatment during the
follow-up period (Table 1). The estimated 5 year cumulative
incidence of laser treatment, accounting for the competing
risk for death, was: 19% (95% CI 15, 24) in the fourth
quartile of HbA1c variability; 12% (95% CI 9, 16) in the
third quartile; 9% (95% CI 6, 12) in the second quartile; and
10% (95% CI 7, 13) in the first quartile (p<0.001, Gray’s
test) (Fig. 2). The patients in the fourth quartile of HbA1c

variability had the highest mean HbA1c (8.6±1.4%), the
highest triacylglycerol (1.0 mmol/l [IQR 0.7–1.3]) and the
lowest age at onset of type 1 diabetes (15.3±9.2 years)
(Table 1). Mortality and CRP were also higher in patients
with a wide HbA1c variability. Total cholesterol, BP and
body mass index were no different in higher quartiles of
variability. In a Fine and Gray regression model, adjusted
for clinically significant risk factors (duration of diabetes
prior to first FinnDiane visit, renal status, mean HbA1c,
MAP, sex and number of HbA1c measurements), the quartile
of HbA1c variability was a significant overall risk factor for
retinopathy requiring laser treatment (p=0.04, Wald test).
The highest adjusted risk for retinopathy requiring laser
treatment (HR 1.6 [95% CI 1.1, 2.5]; p=0.02) was seen in
the fourth quartile compared with the first quartile of HbA1c

variability.
The associations between conventional risk factors,

HbA1c variability and PDR were further analysed in a sub-
cohort of patients (n=1,346) with retinopathy status and
specific indications for laser treatment verified from oph-
thalmic records and fundus photographs (Tables 2 and 3). Of
the 1,346 patients with verified ophthalmic status, 434
(32%) had been diagnosed with PDR and all of these
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patients had been laser treated. Prominent features of
patients with PDR were lower than average age at onset of
type 1 diabetes (11.0±7.2) years, higher mean HbA1c 8.7±
1.2% (72± 14.2 mmol/mol), higher MAP (102.2 ±

12 mmHg), higher body mass index (25.6±3.9 kg/m2)
and longer duration of diabetes (33.3±9.0 years). Patients
with PDR also had higher than average values of CRP and
triacylglycerol as well as lower C-peptide values compared
with patients with no retinopathy. The patient’s highest
attained ETDRS score and the renal status showed a signif-
icant correlation (rs 0.64; p<0.001). In a Fine and Gray
regression model, HbA1c variability quartile was significant-
ly associated with PDR (p=0.003, Wald test) (Table 3). The
fourth quartile of HbA1c variability had the highest HR 1.7
(95% CI 1.3, 2.2; p<0.001), compared with the first quar-
tile. As expected for the other covariates, mean HbA1c (HR
1.2 [95% CI 1.1, 1.3; p<0.001]) and BP (HR 1.02 [95% CI
1.01, 1.03; p<0.001]), were significantly associated with
PDR. However, male sex was not a significant factor
(HR 1.1 [95% CI 0.9, 1.3; p=0.5]). Because of the
strong correlation between renal status and the ETDRS
score (rs 0.64; p<0.001), the renal status was not in-
cluded in the Fine and Gray regression model for PDR
(Table 3). However, if only patients with no nephropa-
thy (n=969) were included in the regression model,
HbA1c variability above the median was still associated
with PDR (HR 1.4 [95% CI 1.01, 2.0]; p=0.04]).

High mean HbA1c correlated positively with the intraper-
sonal SD of HbA1c values (rs 0.39; p<0.001). Thus, the
patients with the highest mean HbA1c values had the highest
variation in HbA1c values. The number of HbA1c measure-
ments also correlated positively with the intrapersonal SD of

Table 1 Patient characteristics at the first FinnDiane visit of the subcohort of prospectively followed patients (n=1,459 [men/women 663/796]) for
first laser treatment in different quartiles of HbA1c variability (CV)

Characteristic HbA1c variability quartile All patients p value for trend

First Second Third Fourth

Duration of diabetes prior to
first FinnDiane visit (years)

19.0±10.4 20.4±10.9 18.7±10.3 15.8±9.6 18.5±10.4 <0.001

Age (years) 37.1±11.2 36.6±11.4 35.4±11.5 31.1±10.7 35.0±11.4 <0.001

Age at diabetes onset (years) 18.0±9.5 16.2±8.6 16.7±9.8 15.3±9.2 16.5±9.3 <0.001

Laser treatment during
follow-up (%)

9 10 11 18 12 <0.001

Mean HbA1c

% 8.1±1.1 8.3±1.1 8.4±1.1 8.6±1.4 8.4±1.2 <0.001

mmol/mol 65±12.0 67±12.0 68±12.0 70±15.3 68±13.1 <0.001

MAP (mmHg) 96±10 95±10 96±10 95±12 96±11 0.07

Body mass index (kg/m2) 25.0±3.4 25.0±3.2 25.1±3.2 25.0±3.8 25.0±3.4 0.97

Triacylglycerol (mmol/l) 0.8 (0.6–1.1) 0.9 (0.7–1.2) 0.9 (0.7–1.3) 1.0 (0.7–1.3) 0.9 (0.7–1.2) <0.001

Total cholesterol (mmol/l) 4.8±0.8 4.8±0.8 4.8±0.9 4.8±1.0 4.8±0.9 0.19

CRP (mg/l) 1.6 (0.9–3.4) 1.8 (1.1–3.8) 2.2 (1.3–4.1) 1.9 (1.2–4.3) 1.9 (1.1–3.9) 0.002

C-peptide >0.033 (nmol/l) (%) 19 20 15 25 20 0.12

Nephropathy (%) 4 4 6 10 6 0.001

Mortality (%) 1 2 4 2 2 <0.001

Values are expressed as mean±SD or median (IQR)

Fig. 2 Cumulative incidence estimates for laser treatment in different
quartiles of HbA1c variability (CV) (n=1,459; p<0.001, Gray’s test)
accounting for the competing risk for death. Solid line, first quartile;
dashed line, second quartile; dotted line, third quartile; dashed/dotted
line, fourth quartile
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HbA1c values (rs 0.32; p<0.001). Because of these correla-
tions and the uneven HbA1c measurement intervals we
selected the first measured HbA1c value of each year, one
value per year and per patient, thus standardising the mea-
surement intervals by re-sampling to 1 year for every patient.
This reduced the number of measurements from ten (IQR 3–
18) to five (IQR 2–8) per patient. The CV was then recalcu-
lated and the patients were again divided into quartiles of
variability. This produced HR 1.8 (95% CI 1.03, 3.03; p=
0.04) for retinopathy requiring laser treatment and HR 1.4

(95% CI 1.03, 1.8; p=0.03) for proliferative retinopathy in the
fourth quartile vs first quartile. Furthermore, an alternative
adjustment for the number of HbA1c measurements was ex-
plored by using the SD of HbA1c

p
n n� 1ð Þ=½ �= as a measure

of HbA1c variability. The HbA1c variability was a significant
risk factor with this adjustment as well as without any adjust-
ments in both subcohorts.

Discussion

We found an increased need for laser treatment in patients in
the highest quartile of HbA1c variability as well as an associ-
ation between PDR and HbA1c variability. The estimates of
5 year cumulative incidence of laser treatment were 19% in
the highest quartile of HbA1c variability compared with 10%
in the lowest quartile, with a 1.6-fold higher adjusted risk for
retinopathy requiring laser treatment. Proliferative retinopathy
is the most common indication for laser treatment in type 1
diabetes. In a competing-risks regression analysis of risk
factors specific for PDR, the highest risk (HR 1.7) was seen
in the highest variability quartile compared with the lowest
quartile. These observations are in line with previous evidence
from the DCCT, which showed that long-term variations in
glycaemia as measured by HbA1c variability predicted a three-
step progression on the 12-step ETDRS scale [5]. The present
study adds to this by showing that retinopathy worsening
leads to significant clinical consequences, the increased need
for laser treatment.

Table 2 Characteristics of a subcohort of patients (n=1,346 [men/women 701/645]) with no retinopathy, with non-proliferative retinopathy, and
with proliferative retinopathy based on fundus photographs and records of fundus examinations by ophthalmologists

Characteristic No retinopathy
(n=311 )

Non-proliferative
retinopathy
(n=601)

Proliferative
retinopathy
(n=434 )

All patients
(n=1,346)

p value
for trend

Duration of diabetes (years) 13.5±7.8 24.7±9.1 33.3±9.0 24.9±11.4 <0.001

Age (years) 31.4±10.6 38.3±11.0 44.3±10.4 38.7±11.7 <0.001

Age at onset (years) 17.9±9.0 13.7±8.5 11.0±7.2 13.8±8.6 <0.001

HbA1c

Mean (%) 8.2±1.2 8.5±1.2 8.7±1.3 8.5±1.2 <0.001

Mean (mmol/mol) 66±13.1 69±13.1 72±14.2 69±13.1 <0.001

CV 0.082±0.050 0.081±0.042 0.088±0.042 0.084±0.044 0.03

MAP (mmHg) 94±10 97±10 102±12 98±11 <0.001

Body mass index (kg/m2) 24.3±3.3 25.1±3.4 25.6±3.9 25.1±3.6 <0.001

CRP (mg/l) 1.5 (0.9–2.9) 2.1 (1.3–4.4) 2.4 (1.4–4.9) 2.1 (1.2–4.3) <0.001

Triacylglycerol (mmol/l) 0.8 (0.6–1.2) 0.9 (0.7–1.3) 1.2 (0.9–1.6) 1.0 (0.7–1.4) <0.001

Total cholesterol (mmol/l) 4.6±0.9 4.9±0.9 5.1±1.0 4.8±1.0 <0.001

C-peptide >0.033 nmol/
l (%)

24 11 12 14 <0.001

Nephropathy (%) 1 11 60 24 <0.001

Mortality (%) 1 3 19 8 <0.001

Values are expressed as mean±SD or median (IQR)

Table 3 The risk of proliferative retinopathy in a subcohort of 1,346
patients

Variable HR (95% CI) p value

HbA1c variability (CV)

First quartile 1 0.003a

Second quartile 1.3 (0.97, 1.8) 0.07

Third quartile 1.5 (1.1, 2.0) 0.005

Fourth quartile 1.7 (1.3, 2.2) <0.001

Mean HbA1c (%) 1.2 (1.1, 1.3) <0.001

MAP (mmHg) 1.02 (1.01, 1.03) <0.001

Male sex 1.1 (0.9, 1.3) 0.5

Number of HbA1c measurements 1.0 (0.99, 1.01) 0.8

HRs were determined using a Fine and Gray regression model for
clustered data (participating study centres) with diabetes duration as
time
a Overall p value for categorical variable (Wald test)
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Many different mechanisms have been suggested to ex-
plain the increased risk for microvascular complications in
patients with high HbA1c variability. One plausible explana-
tion is the exponential fashion by which both higher mean
HbA1c and higher HbA1c variability increase the risk for
microvascular complications [5]. Thus, even short periods of
higher HbA1c could significantly increase the risk for PDR,
even in the presence of comparable mean HbA1c levels. The
cumulative incidence of laser treatment was clearly different
between the highest quartile and the lowest two quartiles of
HbA1c variability, which could result from the exponentially
rising risk. However, the inclusion of first- and second-order
interaction terms in the regression models to account for the
exponential increase in risk with higher mean HbA1c did not
change the results in Fine and Gray regression models.
Furthermore, the ETDRS score and the mean HbA1c did not
show an exponential relationship, which suggests that other
mechanisms are also likely to have a role. The possible impact
of HbA1c fluctuation itself is supported by the fact that short-
term worsening of retinopathy has been observed in patients
with improved glycaemic control [14]. It could be hypothes-
ised that recurrent episodes of good and poor glycaemic
control lead to a more sustained progression of retinopathy.
Interestingly, short-term glucose fluctuations do not appear to
increase the risk for retinopathy progression [15]. The differ-
ence could be related to ‘metabolic memory’, in which even
periods of short hyperglycaemia place patients at higher risk
[16]. Furthermore, HbA1c shows biological variability, inde-
pendent of mean blood glucose, that may be related to the
formation of AGE [17]. There are many cellular mechanisms
that may be involved, such as induction of the growth factors
IGF-1 and vascular endothelial growth factor (VEGF) [18, 19]
and impaired endothelial function [20] as well as other detri-
mental in vitro cellular effects [21–23]. In addition, HbA1c

variability has been associated with insulin resistance, which
in itself has been implicated in the pathogenesis of diabetic
complications [24]. In line with this, we noted higher triacyl-
glycerols in patients in the highest quartile of HbA1c variabil-
ity. This supports the possible association with insulin
resistance, although the inclusion of triacylglycerol as a sur-
rogate marker for insulin resistance in the models did not
change the overall significance of HbA1c variability in either
subcohort. Although hyperglycaemic exposure is a prerequi-
site for PDR, the factors that actually trigger the angiogenic
switch remain to be elucidated. One important factor may be
retinal hypoxia [25].

Interestingly, in this study the patients with the lowest
HbA1c variability had the highest age at onset of type 1
diabetes. It could therefore be speculated that the lower
HbA1c variability could at least partially contribute to the
lower risk for PDR in patients with higher age at onset of
type 1 diabetes [3]. In previous studies, diabetes onset after
puberty has been linked to a less aggressive form of type 1

diabetes [26] and it has also been observed that beta cells are
better preserved when type 1 diabetes begins in adulthood
[27]. The DCCT data indicate that patients with any residual
C-peptide secretion, and especially those with the highest
stimulated concentrations, have a reduced incidence of ret-
inopathy and nephropathy [28]. Thus, the preservation of
beta cells could explain the connection between lower risk
for PDR and less variable HbA1c measurements in patients
with higher age at onset of type 1 diabetes. The patients with
PDR in the present study had the lowest C-peptides, which
supports this hypothesis. However, the patients in the high-
est quartile of HbA1c variability had, in fact, the highest C-
peptide level, which may be due to the relatively short
duration of diabetes of these patients.

The main strength of this study is the large sample size, the
accurate timing of laser treatment and PDR for the respective
subcohorts and the fact that renal status could explicitly be
taken into account as a confounding factor in the statistical
analyses. Furthermore, the results of this study reflect a nor-
mal clinical setting without any confounding interventions for
HbA1c. A high percentage of patients with diabetes in Finland
are undergoing regular fundus photography and the majority
of the patients in this study had attended several screening
examinations. The national guidelines for the screening of
diabetic retinopathy were published already in 1992 and
updated in 2006 [29]. The timing and diagnosis of PDR is
reliable, because it was based on a combination of several
dilated slit-lamp fundus examinations by ophthalmologists
and/or serial fundus photographs [30]. Only in 55/434 (13%)
patients was PDR diagnosed at the first clinical fundus exam-
ination. Thus, there were no available reference points for
these patients before they had developed PDR.

There are some limitations to the present study. The serial
HbA1c values were collected from the laboratory records
available from the patient’s routine clinical follow-up. Thus,
there were no pre-specified intervals between HbA1c meas-
urements, and also the number of measurements per indi-
vidual patient varied. The number of HbA1c measurements
correlated positively with the intrapersonal SD of HbA1c (rs
0.32), which could result from the repeated attempts by the
attending physicians to improve the glycaemic control of the
patients with high HbA1c values. The regression models
were therefore adjusted for both the number of HbA1c

measurements and mean HbA1c. Moreover, standardisation
of the HbA1c measurement intervals to 1 year by re-
sampling of the original measurements retained the signifi-
cance for variability quartile as a risk factor for both PDR
and laser treatment. As 69% of the patients developed PDR
even before the first serially measured HbA1c value, the
assumption of no change in the prognostic variable CVover
time is not as valid in the PDR subcohort as in the entirely
prospective laser-treatment subcohort. Although unlikely,
the CV may thus have been affected by PDR. Another
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potential limitation is the use of HbA1c measured at the local
study centres, not at a central laboratory. This should not
influence the intrapersonal variability of HbA1c though,
because the measurements were performed at the same
centre and Fine and Gray models accounted for the possible
clustering effect within participating study centres. The
FinnDiane study is not, by strict definition, a population-
based study, which may limit the overall generalisability of
the results. However, possible selection bias is unlikely as
the geographic distribution of the FinnDiane patients closely
follows the distribution of the general population and the
high response rate makes significant biases unlikely.
Furthermore, the treatment of diabetes and its complications
is uniform across Finland. An attempt was made to take into
account all possible confounding factors, but as the data are
observational it is possible that there are unknown factors
left that may modify both retinopathy and HbA1c variability.

In conclusion, we found an increased need for laser
treatment in patients with type 1 diabetes who were in the
highest quartile of HbA1c variability. Furthermore, there was
an association between HbA1c variability and PDR, which
suggests that HbA1c variability may also play a role in the
development of PDR.
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